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INTRODUCTION 
One of the feensoxs-zinones, 2,4-dlhydroxy-7-methoxy-1,4(2H)-benzoxazin-
3-one (DIKBQA), a naturally occurring cyclic hydr02s.siic acid in rcaizs, has 
been studied extensively due to its agronomic importance. This cyclic 
hydroxamic acid has been reported to confer resistance to the European 
corn borer, leaf blight, stalk rot, and stem rust, and tolerance of certain 
plants to 2-chloro-s-triazine herbicides. 
The content of DIMBOA in maize plays a very important role in the 
resistance to the corn borer. The variety which has a high concentration 
of DIMBOA has high resistance and the one with low concentration is 
susceptible. The concentration of DIMBOA drops while the plant grows. 
This correlation has brought impetus to investigations of the genetic and 
biochemical mechanism controlling the DIMBOA concentration. 
The biologically important functional group, hydroxamate, has been 
studied by many researchers not only for its biological significance, but 
also because of the chemical characteristics. The study of the biosynthe­
sis of benzoxszinones in plants is only at am early stage and is not well 
known. The chemical synthesis of the cyclic hydroxamic acid, 2,4—dihy-
droxy-l;4(2H)-benzoxazin-3-one (DIBOA) in good yield has not been achieved 
previously although there are several potential uses for this material 
if available in sufficient quantities. 
The study in this dissertation coverss 
(1) The investigation of the biosynthesis of DIMBOA by feeding 
experiments and in c^l-free extracts, 
(2) Measurement of the turn-over rate of DIMBOA and correlation with 
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the rates of some reactions which might "be involved in the degradation 
of the "benzoxazinones. 
(3) Chemical aspects of the detoxification of simazine (2-chloro-
4,6-bls-(ethylamino)-s-triazine) catalyzed "by DIMBGA, 
(4) Study of the degradation of DIMBOA in acid as a model for the 
enzymatic interconversion of the benzoxazinones, 
(5) An efficient, economical chemical procedure to synthesize the 
cyclic hydroxamic acids. 
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REVISH OF LITmTOBE 
The Bost effective and ideal method for reducing economic cost of 
insects that attack plants is to grow insect-resistant varieties. It is 
well known that plant tissues oay contain substances lâiich deter insect 
attack. The development of inbred lines of maize resistant or tolerant 
to the European com borer has been in progress for about 25 years. In 
1953» Beck (1) observed that t»o or more substances mich occur ia eera 
plant tissues have a deleterious effect on the growth and survival of 
borer larvae. One of the substances was isolated in pure form and «as 
called Resistance Factor à (2). This Factor A «as later identified as 
6-aethO3cy-b0nsoxasolinone (6MBQ&) (3® 4). Virtanen and Heitala (5) also 
identified an antifusariua factor formed in rye seedlings as bensosasolinoae 
(BQi), 
It «as later indicated by Wahlroos aad Virtanen (6) that both 6MBQÀ 
isolated fron tAeat and saiae plants and 2QÀ isolated from rye plants vere 
not constituents of plast tissues ^  vivo. Is the intact plasts» the 
precursors exist predoaimantly as sonoglucosides «mich are hydrolysed to 
the aglucones, 2,4-dihydrozy eos&pounds (cyclic hydrosasic acids) follonlsg 
aechanical injury to the cells (?, 8). The aglucose also occurs at a loe 
concentration in intact maize plants (9), The cyclic hydroxaaic acids are 
unstable asd usiez^o quantitative deeosposition to the corresponding 
benzoxasolinoses and forsic acid (6, lO), The reaction in isater follows 
first=crder kiastics and is dependent en the concentration of the anion of 
the coapouad (ll). A siailar reaction %a6 also found to occur by hsatisg 
of ^ hydrosy-lp4-benaoxssine-2»3-dione8 carbon dioxide being split off 
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(12) • However, the lactaa forms of the l,4«'beazomsin-3-oae eoBpotaads 
can not be deeoaposed to form the corresponding bensoxasolinones. This is 
due to the presence of a N-hydro%yl group and an easily raptured 0(l) -
C(2) bond being a prerequisite for this reaction. The lactam forms were 
first obtained by reducing the cyclic hydrozamic acids with sine dust in 
boiling glacial acetic acid (13) • It ms found recently that the lactams 
are also natural products, occurring as glucosides in maize (l4, 13), It 
V&& also observed recently that the cyclic hydrosaaic acid and lactas 
foras of the 1,4-bensozasln-3-one coapoonds are readily interconverted 
in vivo (16). DIMBQA-glucoside (2,4-dihydroxy-7-methozy-l,4(2H)-benso%asin-
3-one-glucoside) and HMBQA-glucoside (2-hydro3y-7-methozy-lg4(2H)-bensoza,-
sin-3-one-glucoside ) were suggested to be iaterconverted oetabolically 
(17) # Structures of cyclic hydrozasic acids and related compounds found in 
young maize plants are shown in Figure 1« 
The tvo cyclic hydroxasic acids, DIMBOA and DIBQà, are the aajor ones 
occurring in higher plants, A net? bensoxazolinone, 6,7-dlmetho3y-2-
bensoz&soiinene, s&c Isolated £tob. dried tissue of com (2®a nays L«) 
(18). 
Apprczisatelj tsv dosea hydroxanlc acids from fungi, yeast, and 
bacteria have been reported (19, 20), Suggested ftmctions of these 
hydroxasic acids fros aicroerganisas are as growth factors, antibiotics, 
antibiotic antagonists, tumor inhibitors, cell-division factors, and in 
iron metabolism (20), Sage (21) has suggostod that the hydroaaic acids 
taay also havs a ffâactioïi in iron metabolism in higher plants e 
Resistazes of sors to the European com borer occurs at 3 stages of 
plant develo^ent. Most varieties of com espress resistance to the borer 
Fi-gui"e 1. Structure of cyclic hydroxamlc acids and related compounds 
1, HB0i1-glucosid«> (2"hydrojey=l,4(2H)-b©nzoxazin-3-one"glucoi8de) 
2« DIBOA^glucoslde (2,^dihydroxy-l,4(2H)*-b8nzoxazln-3-onQ"-glucoside) 
3. DIMBDA-glucoside ( 2, '^•dihydroxy-7-aQthoxy-l, 4( 2H )-l)onzoxazin-3-one-'glucoside ) 
4. HHBQ^-glucoside (2«hydroxy-7-methoxy"l,4(2H)-Wnzoxazln-3-ONG-gluco8ldo) 
5. HBOA 
6. DIBQIl 
7. DIMBOA 
8. HMBQfl 
9. BOA (benzoxazolinone) 
10, éHBQH (é-methoxybengoxagollnone) 
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in the early seedling stage of plant development. At the idiorl stage 
(about 30 - 33 in, extended leaf hei^t) some varieties lose this resist­
ance, and others retain it; resistance at this stage is termed Ist-brood 
borer resistance (22), since in the field susceptible plants at the whorl 
stage are normally attacked by the Ist-brood borer population. Resistance 
again occurs at the time when pollen is shedding (23). The antibiotic 
character of the resistance at this period is associated with the sheath 
and collar of the plant; such resistance has been termed 2nd-brood resist­
ance (24, 25), Klun and Brindley (26) observed a linear relationship 
between the logarithm of the amount of 6MB0A isolated from various inbred 
varieties of maize at the whorl stage and the resistance rating to Ist-
brood larvae of the European corn borer. The chemical basis of the 
resistance was identified by Klun et al. (27) based on the bioassay of 
DIMBQA in an artificial diet for the European corn borer. They found 
that DIMBOA inhibited larval development and caused 2^ mortality. 
When Beck and Stauffer (2) studied bioassay tests with the European 
corn borer and Pénicillium to determine the activity of the resistance 
factor in tissue from the whorl leaf of inbred strains of dent corn, they 
found that the concentration of 6MBOA drops with the age of corn seedlings, 
Klun and Bobinson (25) also observed that the concentration of DIIffiOA in 
corn seedling plants drops as the com grows. The rates of decrease in con­
centration of DIMBOA in 5 dent inbreds between 6 and 33 inches extended 
leaf height are in this order: CI31A'^B49<0H43«'B52«WF9, This is also the 
order of increasing susceptibility to com borer attack at the whorl stage. 
Therefore, the loss of the borer resistance character by, e.g,, WF9, 
between the seedling and whorl stsiges, is explained by the decrease of 
8 
DIKBQA concentration as the plant develops. 
In addition to the resistance to attack by European com borer larvae, 
Elnaghy and Linko (28) have suggested a correlation between cyclic 
hydrozaaic acid content and stea rust resistance in aheat, lâiile a sia1 lar 
correlation with resistance of aaize varieties to stalk rot ms suggested 
(29)0 Tolerance of certain plants to 2-chloro-8-triasine herbicides has 
also been related to the cyclic hydroxssic acids (30, 31). DIHBQ& has 
also been shown to inhibit germination of spores of thC) p^ytopathogenie 
fungus Helsainthosporima tarcicua (32, 33)* 
The biocheaical nature of the resistance of com to the European com 
bearer has been studied extensively, but few biosynthetic studies of these 
resistance factors, benzoxazinones, have been carried out. Reiaann and 
Byerrum reported the first study of the biosynthesis of DIMBQÀ in 1964 
(34, 35). DIMBOA has two unusual structural features of biosynthetic 
interest. It contains a hydroxamic acid functional group and an omsine 
ring Eoiety. Biosynthetic studies of other compounds containing a 
ph@noxa.2ln8 ring system found in insect pigments (oBsochroaes) (36) and 
fungus pigments (cianabaria) (37} 38; 39) have shown that tryptophan is 
incorporated into tWse compounds. But the results of Reiaann and Byemm 
show that tryptophan is not incorporated into DIHBOÂ. They found that 
14 14 l4 14 
quinic acld-U- C. L-sethlonlne-aethyl- C. D-ribose-l- C. glyçlme-2- C. 
"*4 
and glye@rat®-3-"' 0 are specifically and extensively incorporated into 
ÛIHBOÀ, The incorporation of D-ribose-l-^^C and glycerate-3-^^C into the 
arosatic risg of D^MBCn occurs via a 7**câârbou sugar pathway and the shlkissic 
acid pathway (40, 41). The evidence for the biosynthesis of the aroaatic 
ring moiety of DIMBQÀ through shikimic acid is also provided by the 
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incorporation of quinie aclcl-U- C into the bensenoid ring carbons. The 
formation of aromatic compounds from qninic acid to shikioic acid in 
plants has been discussed in many reviews (42, 43, 44), 
The 7-m@thoxy carbon of DIKBOâ is formed by a transmethylation process 
from methionine* The biosynthesis of o-methyl groups in hi^er plants from 
methionine is well known (45). 
Beimaan and Byemm (34, 35) observed that carbons 1 and 2 of ribose 
are incorporated into the two carbon atoms of the osssine ring of BIMBOAo 
They suggested that the heterocyclic ring of DIMBQA has a biosynthetic 
pathway similar to that of the azine moiety of pteridines (46), and the 
pyrrole ring of tryptophan (4?, 48, 49, 50), A nitrogen-containing 
aromatic compound in the shikimic acid pathway was suggested by them to 
condense with ribose, or a i&os^orylated derivative, to form a ribosyl 
intermediate followed by an Amadori rearrangement, ring closure, and 
elimination of the triose moiety to give the omsine ring. The postulated 
nitrogen-containing aromatic compound was recently demonstrated to be 
anthranilic acid by Tipton et al. (16), 
Ânthranilic acid appears to be the only primary aromatic amine pro­
duced directly from the shikimic acid pathway (44), It is a substrate for 
the production of biological materials other than trypto^an, Is the 
leaves of Tecoma stans, anthranilic acid is hydroxylated to 3-ôydroxy-
anthranilic acid by anthranilic acid hydrozqrlase (51) and two moles of this 
product are then converted by cinnabarinic acid synthetase to cinnatsrisic 
acid via an oxidative diserisatioa reaction (52) o Anthranilic acid is 
also oxidized to catechol via the intermediates of 3-hydroxyanthranilic 
acid and o-aainophenol by the multienzyae system of anthranilic acid 
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oxidase isolated from the same source (53)* o-Aminophenol is also the 
intermediate between anthraailic acid and o-quinoneimine. The condensation 
of oaaino^enol and o-quinoneimine resulting in the biosynthesis of 
iso^enoxazine is catalyzed by isophenoxazi&e synthetase ($4), However, 
Tipton et al. (l6) have shorn from feeding experiments with maize that 3-
hydroxyanthranilic acid and o-asinophenol are not incorporated into Û1MB0A 
and are probably not intermediates. They reported that anthranilic acid 
is the intermediate. 
The mechanism of formation of the N-hydroxyl groups is not clear. In 
studying the biosynthesis of hydroxamic acids of microbial origin it was 
observed that the hydroxylaaine oxygen of hadicidin is derived from Og 
(55) • N-hydroxylation reactions in laaaaalian liver are catalyzed by 
aonooxygenaaes siailar to those responsible for C-hydroxylation reactions 
(56, 57)» It was also suggested that the hydroxaaate Boieties of 
aspergillic acid and aycelissaaide are formed by oxidation of amide bonds 
(58# 59)0 Also the hydroxylation of the nitrogen in the aside group of 
2-àceiyiâainofiuorene catalyzed by an enzyae in rabbit liver aicrosoaes 
reported (6o)» Another possible mechanism for the formation of a 
cyclic hydro:su2ate, suggested by Saery (6I), was that it could result from 
the reaction of a carboxyl compound with the free N-hydroxyasino acid. 
However» the biosynthesis of DIMBQâ by a condensation reaction of ribose 
with an amine further suggests that the carbon-nitrogen bond is feraed 
prior to the N-hydroxylation reaction. 
An outstanding property of hydrox?.^.ic acids is the ability to fors 
chelates with set&l ions in stable five-aeabered rings (20, 62). A simple, 
useful qualitative analysis of hydroxaadc acids depends, therefore, on the 
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intense red or blue color with ferric ion. Complexes with ferric ion occur 
in 3 stepst the complex is a Isl structure at low pH and transforms into 
a 3*1 complex as the pH approaches neutrality (20). Tipton and Buell (62) 
have determined the stability constants for the ferric ion complexes of 
DIMBOA and BlHBOA-glucoside froa maize. 
The herbicide simazine ( 2-chloro-4,6-bis-ethylaaine-s-triazine ) is 
used as a selective pre-emergence spray to control annual weeds in com 
fields. The tolerance of com to sisasiss considered due to the 
detoxification of simazine to hydroxysimazine ( 2-hydroxy-4,6-bis-ethylaaine-
s-triazine) in vivo and in vitro by cyclic hydroxaaic acids (63). Hydro­
lysis of simazine catalyzed by DIMBOà, not by its anion, has been suggested 
to be due to the molecular aggregates of the cyclic hydroxamic acid (64, 
65). 
yahlroos and Virtanen (6) have presented the structure of 2,4-
dihydroxy-l, 4-benzoxazin-3-one (DIBOA) for the aglucone enzyaatically 
formed in crushed rye seedlings. The structure was confirmed by the syn­
thesis of the aglucone itself and its reduction product (13, 66). With 
the protection by a bulky group on the hjdroxyl group of o-nitrophenol, 
DIBOÂ was synthesized with an overall yield of 3»^ by Honkanen and Virtanen 
(66). In their procedure, the starting saterial, ^ aethoxysethoxy-
nitrobenzene, was reduced with zinc dust in ammonium chloride solution to 
form the coji'r^sponding phenylhydroxylazx^ne derivative. The hydroxyniSt 
was acetylated «1th dichloroacetyl chloride and the methoxymethoxy group 
%as then hydrolyzed in acid, Pinally, SIBQA formed oa further hydro­
lysis of the chlorine atoms in alkaline solution. %ey have also syn­
thesized other 1,4-b@nsoxasine derivatives aith the starting materials of 
12 
o-nltrophenoay acetic acid ester (6?) to study their antimicrobial activity. 
Althoagh the synthesis of benzoxazines has been studied extensively (68), 
the procedures for the synthesis of DIBOÀ with higher yield and of DIMBOA 
have not been reported. Sose cyclic hydroxaaic acids have been sunthesised 
successfully from the redaction of aromatic nitrocompounds by sodium 
borohydrida catalyzed by palladium charcoal (69). A new synthesis of N-
Bonosubstituted hydroxylamines fjroa the redaction of oximes and nitro salts 
%ith dibcrans rsportsd (70, 71). 
13 
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Materials 
Materials and instraaents 
Materials Maize seeds a£ the inbred varieties CI31A, WF9, 349, 
and B52 were obtained from Dr. M. A. Russell, Department of Agronomy, lowa 
State University, Ames, Iowa. Veraicolite, n. S« Grace asd Co., Cambridge, 
Mass.} silica gel (with fluorescent indicator), S. Merk, Darmstadt, 
Germany I BaJcer-flex silica gel IB-F (with fluorescent indicator), J. T. 
Baker Chemical Co., FhiUipsburg, N. J.t UV lamp (25^ nm, UVS-13), Brin&san 
Instruments Inc., Westbory, N. Y.; Sejtedex G-25 Pine, Pharmacia Pine 
Chemical, Inc., Piscatavay, N. J.; silicic acid (Brockman activity grade 
II), M. Woelm, Auswege, Germany; Eastman Kodak Blue X-ray film and Kodak 
No-Screen NS-2T X-ray film, Eastman Kodak Co., Rochester, N. Y.; Whatman 
glass fibre GF/A, ¥ & R Balston Ltd., England; all compressed gases, 
Matheson Gas Products, Joliet, 111.; quartz cuvettes, Hellma Cells, Inc., 
Jamaica, N. Y. 
Instruments UV analyzer (UV optical unit ISCO Model UA and Model 
UA-2 UV analyzer), Instrumentation Specialties Co., Inc., Lincoln, Neb.s 
Cary 15 recording spectrophtometer (eQ uipped with the Gary-Datex SDS-1 data 
recording system), Cary Instruments, Monrovia, Calif.s Beckssn DU quarts 
spectrophotometer (optical density converter Model 205, light source 
Model 205, Gilford Instruments laboratories» Oberiis, Ohio), Beeksaa 
Instruments Inc., South Pasadena, Calif.; %wkard Model 3003 and 3310 
Tri-Carb liquid scintillation spectrometers, and xadiochrosatogran 
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scanner Model 7201, Packard Instruments Co,, Inc. la Grange, 111.; Nuclear-
Chicago gas flow counter (Model 1042 and 1048 planchet sample changers and 
Model 8703 series decade scalers), and Nuclear-Chicago Model I62OA analyti­
cal radioactive counter, Nuclear-Chicago Corporation, Des Plaines, 111. ; 
ÂTLàS aass spectrometer CS4, Yarian Inc., Palo Alto, Calif,; high resolu­
tion mass spectrometer MS 902, AEI, Inc., Manchester, England,; Model 
R-20B high resolution nuclear magnetic resonance (MR) spectrœieter (60 
Sis for hyazoges), Hitachi Parkis-Slssr, Hitachi, Ltd., Japan; Varizn ~=60 
NMR spectrometer* plant growth chamber, Sherer Controlled Environment 
Lab., Sherer-Gillett Co., Marshall, Michigan. 
Chemicals 
For scintillator Naphthalene (analyzed reagent) and 1,4-diozane 
(scintillation counting grade), J. T. Baker Chemical Co., PhiUipsbuzg, 
N. J.Î 2,5-di^ienylozazole (PPO) and 1,4-bix-2-(4-methyl-5-phenylo%azolyl)-
benzene (dimethyl POPOP), both scintillation grade, Packard Instrument Co., 
Inc., La Grange, 111. 
Biochemical compounds Adenosine-^' -trii6os#iate disodium salt 
(ATP), 5-ïôiosphoribosyl-l-pyrophosphate magnesium salt (2SPP), D-glucose-
6-î^osîâiate aonosodium salt (G-ô-P), glucose-6-#iogi&ate dehydrogenase 
(from Torula yeast, 1 unit oxidized 1 fmole of glucose-6-];dio8#iate to 6-
^los^icgluconate), tri^ios%wOpyridine nucleotide sonosodius salt (7PN), 
and £-nitro|âienyl-^D-glucose, Sigma Chemical Co., St. Louis, Mo.; ascorbic 
acid, Herk and Go., Inc., Eahiay, H, J.j Folin-^enol reagent (2 N), Fisher 
Scientific Co., Fâdr lawn, N. J.; phenylhydrasine hydrochloride (reagent 
grade), Sastsan Kodak Co., Rochester, N. Y. 
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Ba>^ioactive chealcals D-riTwse-l-^^:, L-ascorbic acid-l-^^Cg and 
l^eaol-^^C, from Nev England Nuclear, Boston, Mass.; barium carboaate-^^C, 
Amershaa/Searle Corporation, Arlington Heights, 111.; sioazine-^^C, Geigy 
Chemical Corporation, Ârdsley, N. Y.t £-nitrotoluene-l-^\. International 
Chemical and Nuclear Corporation, Irvine, Calif, 
For chemical synthesis Ifelladina on powdered charcosJ. (IC^ 
catalyst), Hatheson Coleman & Bell, Cincinnati, Ohio; ethyl chlorofluoro-
acetate, PGR Inc., Gainesville, Fia»; m-methoxyidienol and methyl dichloro-
acetate, Aldrich Chemical Co., Inc., Milwaukee, Wis. 
Other chemicals «ere reagent grade unless otherwise specified. 
General Methods 
Culture of com seedlings 
Etiolated seedlings Maize seeds were sown in moist silica sand or 
veraiculite and incubated at 30*C in a dark chasber for 7 to 8 days with 
occasional watering. The etiolated seedlings (about 15 cm in height) were 
cut just above the sand or veraiculite and used for the experiments. 
GregB seodiiBgg Maize seeds is seist- vezrsicullte «ere lacubat-ed at-
30®C in a plant growth chamber with autosatic light control, l6 i-ears day 
and 8 hours night, for 7 or 8 days with occasional watering. 
Isolation and purification of DIMBOA 
The procedures described Tipton et al. (14) were adopted. The 
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etiolated core seedlings were chopped and ground «ith sea sand and a small, 
amount of nater with a mortar aad pestle, or homogenised in a Waring 
Blender with water lâxen a large number of seedlings isas used. The 
hoBogenate ms filtered through layers of ekassecloth or Pyrex wool, and 
the fibrous residue was squeezed to dryi^ss. After standing for 30 minutes 
at room temperature to allow ensymatic hydrolysis of the glucosides, the 
filtrate was extracted three times with equal volumes of anhydrous ethyl 
ether in a 40 al ryrex centrifuge tube with a glass stopper. The aqueous 
solution and ether were mixed thoroughly and the emulsion was broken by 
centrifugation, The ether layer was transferred to a beaker by using a 
disposable Pasteur pipet and dried with anhydrous magnesium sulfate. 
After filtration, the ether was evaporated to dryness under vacuum on a 
rotary evaporator. The residue was washed with a minimum amount of 
chloroform: methanol (95*5» v/v) and the insoluble material was then dis­
solved in a minimum quantity of warm acetone. The acetone insoluble 
substance, if an^r, was discarded after centrif ugation, Hexane (Skelly B) 
was added to the acetone solution until the solution became turbid. Upon 
standing for several hours, nearly pure lâiite needle crystals of DIMBÛA 
formed. Recrystallizatxon in the same solvent gave a single FeCl^ -
positive spot on thin-layer chromatograj^y in ether saturated with water. 
Feeding of radioactive cosaisonnds to com see^'^^ss 
Usually 5 etiolated 7- or 8-day~old seedlings were used for feeding 
experiments. The roots and seeds of the seedlings were cut off under 
Hater. The cut stems (about 15 cm high) were then dipped into a small 
volume of aqueous selKtlos of the radioactive compound in a «««.t i beaker. 
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They were iUumlaated with one regular and one Gro-Iax fluorescent lamp, 
both 15 watts, at a distance of atent 30 cm at room temperature in a 
hood. %e radioactive solution was taken up by the seedlings through the 
cut stems in 4 or 5 hours, then another small volume of water was added 
until it was taken up again by the plants. More water was added, as 
needed, for the duration of the feeding. The plants were allowed to 
metabolize for a total of 24 hours. The seedlings were then homogenized 
and processed for the isolation of SlnBQà or further manipulations. 
Thin-layer chromatograTdiy 
Two different sizes of thin-layer chromatograiâiy (TLC) plates were 
used. Micro TLC was done on microscope slides (2.5 x 7.6 cm) coated with 
silica gel (20 slides per 6 g of silica gel in 12 ml of water). 
Other plates were made on 20 x 20 cm glass plates coated with silica gel 
to a -Uiickcess of 250 ,U (5 plates per 30 g of silica gel in 60 ml 
of water). Baker-flex silica gel IB-P thin-layer chromatograidiy sheets 
(20 % 20 cm and 5 x 20 cm) were also used. The chromatogra#iic solvents 
used were* 1» ethyl ether saturated with deionised water; formic acid 
(99:1, v/v); 2. ethyl ether saturated with deionised water; 3» Benzene. 
Cyclic hydroxamic acids show a violet color ïdien plates are developed in 
the first solvent. Bsiô. oldîer Brosatic coapouîîds «ere 
detected under a UV lamp in a dark room. Cyclic hydroxamic etcids, DIMBQÂ 
and DIBOA., were also detected by spraying with acidic ferric chloride 
solution to give the blue color. 
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Acidic ferric chloride sTarayiag reagent 
FeCl^ • éHgO (50 g) was dissolved in 5OO nl of 0.1 N of hydrochloric 
acid in 95^ ethanol. 
Paper chromatogra#iy 
A 20 X 20 cm Hhataan No, 1 paper was used for the chroaatogra^^y. The 
developing solvent of isoamyl alcohol saturated with 3 N HCl was used for 
ascending laper chromatography. 
Column chroaatograpfay 
SeiAadex column Sephadex G-25 Fine (30 g) «as swirled in 0.2 M 
phosphate buffer with pH 7.0 at room temperature for one day or in bolling 
buffer for 2 hours and packed into a 3 % 35 cm column. 
Silicic acid COIUBP Silicic acid (200 g) was slurried with benzene 
and transferred, to a 4 x 30 cm column and washed with the solvent. 
Detection and measurement of radioactivity 
RadioautoggaTfey Radioactive compounds on thin-layer chromatograas 
or on a paper chromatogram were detected, by exposure of these chromatograms 
with an Eastman Kodak Blue X-ray film or Kodak No>=-Screen NS-2T X-ray film 
in a lead foil lined holder. After ens to tsc %ssks cf sxpcsurs. ths X-ray 
film was developed. 
Scintillation counting Â Packard Model 3OO3 or 3310 Tri-Carb liquid 
scintillation spectrometer was used to measure radioactivity of radioactive 
samples in a scintillation glass vial with I5 ml of Bray's solution (72). 
The counting efficiency of the scintillation counter was calibrated to be 
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80^ of dpa (disintegrations per minute) by the method reported by Baillie 
(73). 
Detection of solid radioactive comTX>unds Radioactivity of BaCO^-
on Hhataan glass fibre GP/A filter paper was measured with an automatic 
Nuclear-Chicago gas flow counter. The efficiency of this instrument was 
3C5È of dpa. The carrier gas was 1.*% butane and 98.7^ helium. 
Specific radioactivity Specific radioactivity (S.A.) was expressed 
as counts per Hinute per micromole (cpm/tm) or d^/6saole« l&e concentration 
of the radioactive sample was measured spsctro^otometrically. 
Feeding Experiments 
ih. 
Anthranilic acid-1- G 
Anthranilic acid-l-^^C (5 fmole, specific activity 38,144 cpm/umole) 
in 1.5 ml of water was fed to ten 7-day-old etiolated com seedlings of 
CI3IA (approximately 15 cm tall) through the cut stems. DIMBOA was 
crystallised from the ether extract. DIKBQA crystals were further degraded 
to ônBQÂ by heating on a steam bath in a small volume of distilled îater 
containing a few drops of pyridine for 2 hours (35)» Ths sqsscus solution 
was extracted with ethyl ether wiich was then evaporated to dryness. The 
degradation products were purified by thin-layer chromatography with silica 
gel (20 X 20 cm) developed in ether saturated with water. Two 
products were observed. 6HBQÂ was located at Rf = 0*80 and HMBOA was 
located at Sf = O.5O, HMBOA was considered to be one major ispority of 
DIMBQà during crystallization and it Is fairly stable in boiling %ater. 
Both ÔMBQA and HMBOA spots were scraped off the plates and transferred to 
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15 al clinical centrifuge tabes and extracted with ethyl ether. The 
silica gel «as removed by centrifugatlon. The solvent was evaporated to 
dryness. The concentration of each compound ws measured in 95^ ethanol 
spectrophotometrically and their specific radioactivities «ere determined, 
with a correction for the background from the TLC plates. 
The crude ether extract of the com seedlings and the degraded DIMBQâ 
products were also chroEsatogra^ed on thin-layer plates and then radio-
autcgza#ied. 
After the com seedling honogenate was extracted with ethyl ether, 
the protein was precipitated by trichloroacetic acid and dried by lyophyli-
zation. The total radioactivity of the protein was measured by scintilla­
tion counting, 
l/f, 
o-Aainophenol- C 
o-Aainophenol-^^C (5 -uaole, specific radioactivity 24,956 c^/jamole) 
in 1.5 ml of water was fed to ten 7-day-old etiolated com seedlings of 
GI3IA for 24 hours. DIMBOA w^ isolated and crystallized and then degraded 
to 6MB0A. A radioaatograjfe m.s sade and the specific activity of 6MBQA 
was measured. 
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o-Asinotdienol- Q + ^eaylhydrssias 4- ascorbic acid 
£°Âainopheso (2.5 ^ ol@, specific activity 31,491 cps/jiffiole)^ 0.5 
iïsole of i^ienylhydrasiae hydrochloride and 10 uaole of ascorbic acid ia 
2 ml of 0.02 M pâosïéiate buffer, pH 7.0, were fed to five 7-day-old 
etiolated com seedlings of CI31â for 24 hours. DIMBOA was crystallized 
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and degraded to 6MBQA. Specific activity of 6MBÛA laas measured. 
14. 
Antbra^pilic acid-1- C + Tdienylhydraaine + ascorbic acid 
A 2 b1 of 0.02 M ]^s#iate buffer (pH 7.0) solution containing 2.5 
juaole of anthranilic acid-l-^^C (specific activity 58,511 cja/^Eole), 0.5 
jumole of phenylhydrazine, and 10 mole of ascorbic acid «as fed to the 
cut stems of five 7-day-old etiolated com seedlings of CI3IA. DIMBOA 
%ag crystallised after 24- hoars feeding and then degraded to ônBGA. The 
specific activity of 6MB0Â was measured. 
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D-ribose-1- C 
An aqueous solution (5 ml) of 1.8 ^omole of D-ribose-l-^^C (specific 
activity 9.77 % 10^ cpa/aaole) was fed to the cut stems of fifty 7-day-old 
etiolated com seedlings of CI3IA for 24 hours. DIHBOA «as crystallised 
and its specific activity was measured. DIMBOA crystals were also used 
for the study of the specific carbon-l4 labeling in thé DIMBOà molecule 
idiich will be described later. Radiochesical purity of the coaaercial 
lit 
B-ribose-l-" C çats approved by paper chromatography using N-butanols 
pyridines water (6;4;3, v/v) as the solvent systea. Radioactivity on the 
l»per chroaatcgraa %as detected with a radiochromatogram scanner. Scan 
speed was 1 cm/min, 30 seconds time constants collimator width 2mm. The 
carrier gas ias 0.9^ isolbatase and 99*0^ heliaa. 
L-°asc3rbie acid-1- C 
Several concentrations of L-ascorbic acid-l-^^^C (specific activity 
6a00 X 10^ cpa/uBole) in ssall voluaes of water were fed to groups of 10 
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to 50 etiolated com seedlings of CI3IA (7-day-old) for 24 hours. The 
specific activity of DIMBOA %as measured and the crystals of DIMBÛÀ were 
used for the study of the specific earbon-l4 labeling in the DIHBOA 
molecule. 
Degradation of DIMBOA, 
The procedure for degradation of DIMBOA described by Heimann and 
Syerrus (35) -as used to dstersins the specific carbon atsss or groups 
labeled by the isotope within the molecule of DIMBQÀ. Some of the pro­
cedures have been modified la this laboratory. The degradation procedure 
devised permitted the isolation of csurbons in position 2 and 3 as shown 
in Figure 2. 
Conversion of DIMBOA to 6MB0A 
About 20 mg of radioactive DIMBOA in 3 al of H^O and 0.1 ml of 
pyridine were refluzed for 3 hours. %e solution was then distilled under 
reduced pressure into a receiving flask cooled in an ice bath. ôKBGk «as 
in the residue and formic acid liberated from C-2 of the molecule was in 
the distillate. 
The aaor^ous residue 9 obtained after the distillation of the solvents 
from the reaction mixture, was crystallized from hot water to yield reddish-
tan needles of 6%B€Ao 
Conversion of HCCOH to BaCC^ 
The formic acid solution obtained by distillation was acidified to 
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Figure 2, The degradation pcocedurs for DIMBQà 
pK^ with concentrated hydrochloric acid. According to the procedure of 
Sakani (74), 2 al of CO^-free mercuric chloride in acetate buffer solution 
%as added to the forale acid solution and boiled for one hour under 
nitrogen* GO^ liberated froa fossic acid %as driven by Eitregen to a 
flask containing saturated texiusi hydroside solution» Bariua carbonate 
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vas filtered with Whatman glass fibre GP/A filter paper, washed with water, 
ethanol, and ether, and dried in the desiccator under vacuum. Specific 
radioactivity of the BaCO^-^^C was determined by Nuclear-Chicago gas flow 
counter. 
Degradation of 6MB0A. 
About 50 jomole of 6NBQA (8.3 mg) was refluxed in 20 ml of saturated 
barium hydroxide under nitrogen overnight. The reaction flask %as covered 
with aluminum foil. An additional barium hydroxide solution was connected 
between the reaction flask and the nitrogen tank to remove traces of 
carbon dioxide in the nitrogen gas. Barium carbonate was foraed in the 
reaction flask and was then decomposed by injection of concentrated 
hydrochloric acid. Carbon dioxide liberated was collected in another 
fresh barium hydroxide solution. After one hour, barium carbonate was 
filtered and its specific radioacti^ty was measured as described before. 
After degradation of ÔMBQA, the solution in the reaction flask con­
tained $-methoxy-g-aminophenol and barium salts. The solution was neu­
tralised sodium hydroxide solution and extracted with ethyl ether. 
The ether extract shows one spot at Rf = 0,72 on silica gel TLC in 
ether saturated with water. The Rf value was close to the standard value 
(04?3)i The specific Mtivity «as daterained by scintillation counting. 
Experiments with Cell Free Extracts of Com Seedlings and 
Radioactive Precursors of DIMBCA 
Preparation of extracts 
The procedures described by Tu (75) were adopted. TMrty grass of 
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7-âay-old etiolated com seedlings of the inlxced variety CI3IÀ xsas chopped 
and homogenized for two ainates with 30 ml of 0.02 M potassium lAosphate 
buffer, 7.0, containing 0.01 H potassium aseorbate, 0.01 M mercapto-
ethanol, and 0.001 M magnesium chloride, in an ice-jacketed Waring Blender. 
The homogenate las filtered through layers of cheesecloth and designated 
E-l. 
Fifteen grams of 7-day-old etiolated com seedlings of GI31A was 
hoscgesiscd with 15 si of 0.2 K potassium phosphate buffer, pH 7.0, in 
an ice-jacketed blender for 2 min and the homogenate was filtered through 
layers of cheesecloth at cold zroom (4^C). The filtrate was transferred 
to the Sepbadex G-25 Fine column and eluted with the same buffer solution 
at 4°C at a flow rate of 2 ml/min. The protein fraction was collected at 
the first UV absorption peaJs, #ich came out at 30 ml of eluate and was 
designated E-2. 
The etiolated com seedlings (100 g 7-day-old) was homogenised with 
cold acetone (-18°C) two times in a Waring Blender. Sach time the 
homogenate was filtered through a large Buchner funnel. The residues were 
dried in a desiccator under vacuum in the cold room overnight. One gram 
of acetone powder was homogenised with 15 ml of 0.02 M phosïdiate buffer, 
pH 7.O9 (containing 0,01 M potassium ascorbate, 0.01 H mercaptoethanol, and 
0.001 M chloride), pH 7.0. The filtrate was designated as E-3-
Anthranilic acid-l-^^C and o-aminoidienol-^^C with extracts 
A 2.5 =1 reaction mixture contained; anthranilic acid-1-^ C, 1 jomole 
(specific activity 49,498 cpa/aaole) or 1 Amolo of £-aainophenol-^'*^C 
(specific activity 24,956 cpa/uaole) ; ATP, 2 jaaoles; TîM, 2 voaoles; 
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ERPP, 2 /moles; glucose-6-îdiosphate, 2 >moles; glucose-6-phosiiïate dehydro­
genase, 2 units; and 1.9 al of com extract E-1 or E-2, or E-3* In the 
reaction with S-2, ascorbate, mercaptoethanol, and magnesium were added 
at the sane concentrations as in S-1 or E-3. The reaction was carried 
out at 30^0 and stopped by mixing with an equal volume of cold ethyl ether 
after specified periods. Boiled com extract and the reaction mixture 
of substrates and cof actors were used as control. The ether extract was 
dried and redissolved in 0,1 ml of 9% ethanol a portion (O.Ol ml) of this 
solution was spotted on a 20 x 20 cm. Baker-flex silica gel IB-F TLC plate 
and developed in ether saturated with water. The aqueous solution after 
ether extraction was lyophyliaed and redissolved in 0,1 ml of water. Aliquot s 
(0,01 ml) of the solution was spotted on a 20 x 20 cm paper chromatogram 
and developed in 80^ ethanol. Radioactive substances on thin-layer and 
paper chronatograas were detected by radioautogra^diy. 
Fixation of Radioactive CO^ into Com Seedlings 
Twenty five light-grown com seedlings in vermiculite (lO-day-old) 
were placed in a sealed glass chamber which was connected to a COg 
generator at one end and to an analytical radioactive counter Model 1620 A 
(Nuclear-Chicago) at other end. The chamber was illuminated with 6 regular 
fluorescent lamps (each was 2G %atts) at a distance of about 40 cm and 
at rcos teûperature. A peristaltic circulating pump (Schaas and Co., 
Chicago, 111.) was connected between the COg generator and the radioactive 
counter to circulate the gas in the whole completely sealed system. The 
radioactive BaCO^ (100 jumole, total activity 251 x 10^ dpm) was placed in 
the generator. It tss then decomposed by injection of 5 =I c- lactic acid 
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and the solution «as kept slightly wars to drive the CO^ from the solution. 
The radioactivity of the circulating COg was measured in cpa by the counter. 
After 4 hours for radioactive CO^ fixation, the unused radioactive CO^ 
was removed by passing the air in the chamber through a Ba(OH)g receiver 
fdiich was blocked during fixation. At specified time Intervals after 
this, 2 seedlings at a time were cut and removed from the chamber, weighed, 
and homogenized with small volume of water in a mortar. The homogenate 
was extracted Kith ethyl ether in a 40 ml ?yrex centrifage tube. The 
ether extract was evaporated to dryness, DIMBOA was then separated from 
the pigments by Baker-flex silica gel IB-F TLC in ether saturated with 
water. The partially purified DIMBOA was decomposed in water in a sealed 
vial at 80°C for several hours. The aqueous solution was extracted again 
with ethyl ether. The ether was evaporated and the residue wad dissolved 
in 0,1 ml of 9^ ethanol, Aliquots of 0,95 ml were spotted on the same 
kind of TLC for the purification of 6MB0A and HMBOA, The concentrations 
of 6MB0A and HMBOA were measured spectro^otometrically and their specific 
activities were measured in 1,4-dioxane scintillator by Packard Trl-Carb 
spectrometer, 
Sasymatic Reduction of HBOA and the Activity of /S-glucosidase 
Assay of 2-hydroxy-benzoxazinone reductase activity 
HBÛA was reduced by 2-hydroxy-benzoxazinone reductase to give N-
glycolyl-o-amino^dienol (GAP) (17). The procedure for the assay of the 
enzyme «as described by %ang (l?), A total of 2=5 ml of reaction mixture 
contained s 1 ^ ole of KBOÂ; 2 jumoles of TPxi; 2 jumoles of glucose-6-
lâîosphate; 2 units of glucose-6-^osphate dehydrogenase; and 2 ml, of the 
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protein fraction B-2, Riosjiiate buffer (0,2 H, pH 7.0) was used to make 
up the volume to 2.5 ml. %e reaction mixture was inculsated at 37°C for 
a specified period. The reaction was stopped by cooling and extracting 
three times with 2.5 ml volumes of ethyl ether. The ether was evaporated 
to dryness and the residues were dissolved in 0.1 ml of 93^ ethanol. The 
solution (0.07 ml) was spotted on (silica gel GP^^) TLC lAich was then 
developed in ether saturated with water. HSOA has an Rf value of 0,50 
and the product (GAP) has an Rf value of 0.43 in this system. The prod­
uct spot was scraped from the TLC plate and transferred to a 15 ml clini­
cal centrifuge tube. GAP was extracted with ethyl ether and the silica 
gel was removed by centrifugation in a clinical centrifuge at maximum speed 
for 15 min. The supernatant was evaporated to dryness and redissolved in 
3 ml of 95^ ethanol. "Hie quantity of GAP was measured spectrophoto-
metrically. 
Â reaction mixture containing HBOA, TPN and the protein fraction 
E-2 was also investigated under the same conditions as above. 
Assay of /g-slucosidase 
The procedure described for the determination of |âiosphomonoesterase 
in serum with £-nitrojihenylphosidiate (76) was applied to measure the 
activity of /3-glucosidase in com plants. A 2 ml of the protein fraction 
of E-1 (pH 7eO) was diluted to 10 ml with 0.2 M acetate buffer, pH 5»2. 
The pH of the diluted protein solution was only increased slightly to 5*^» 
îSîis diluted enzyme solution was used for the assay. The reaction mixture 
containing 1 al of acetate buffer, 1 ml of the substrate, ^ nitxro-
phenyl-B-glucoside (l mg/ml) and 0,25 ml enzyme solution was incubated at 
30®C for a specified period. The reaction *as stopped by adding $ ml of 
0.1 N NaOH solution. The optical density was measured at 410 nm with a 
Beckman DU spectro^otometer. 
Determination of Proteins in cell-free extracts of com seedlings 
A method of estimate the protein content in plant tissues containing 
phenolic materials *as developed by Potty (77), Three reagents were first 
prepared: reagent A. 2^ sodiun carbonate in 0.1 N NaOH solution; reagent 
B. Alkaline copper reagent, prepared by mixing 1 ml of a solution con­
taining 0,3S copper sulfate in sodium tartrate with 50 ®1 of reagent 
A, Reagent C, Folin phenol reagent was dilated to a final acidity of 1 N. 
In the procedureB 1 ml aliquots containing 100 to 400 ug of proteins were 
mixed with 5 ml ea^h of reagents A and B in separate tubes. A portion 
(1 ml) of reagent C was added to each after 10 min. After standing at 
room temperature for 30 sin, the optical density was measured at $00 nm 
with a Beckman DU Spectro#iotometer. The difference between the two 
readings was used to calculate the protein from a reference gra%& prepared 
using standard ovalbumin in the above procedure. 
Detoxification of Sinazine by DIMBOA in vitro 
The detoxification of simazine by DIHBQÂ was carried out using 20 
EUJEoles of ring labelled sisazine-^^C (specific activity 3,46 x 10^ dpz/ 
jumole) and 0, 0,4, and 4 /moles of DIMBQA, in 2 ml of citrate buffer, pH 
4,8. Alicucts of these solutions (0,2 si) msre transferred to 15—zl 
viails and incubated at 37^0, At intervals of 1 hour, vials containing the 
hi^er concentration of DIMBOA were removed and lyo^iilized. At intervals 
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of 10 hours, vials containing the lower concentration of DIHBO/L and 
controls without DIM50A were removed and lyo^iilized. The residues were 
dissolved in CHCl^ : CH^OH i H^O (4*4*1, v/v) without heating and 
transferred to sheets of Whatman No. 1 paper, developed in isoamyl alcohol 
saturated with 3 N HCl and the radioactive spots counted. 
Degradation of DIMBOA in Hydrochloric Acid Solution 
DIMBQÀ (4,7 jHaoles) %as dissolved in 100 ml of 1 N HCl, The solution 
«as incubated at 37°C. About 3 ml of the solution was removed after 
specified periods and cooled in dry ice-acetone for few seconds. The 
UY spectrum of the solution was measured by Gary 15 equipped with the 
Cary-Datex SD-1 data recorder. In order to determine the structure of 
the degradation products in the hydrochloric acid solution, a large 
quantity of the reaction solution was incubated at 80^C for 3 days to let 
the reaction be completed. The acidic solution was neutralized with 
sodium hydroxide solution and extracted with ethyl ether. The ether 
solution %as dried with anhydrous magnesium sulfate, filtered, and 
evaporated to a Rmall volume. The products were purified by silica gel 
^'254 developed in the solvent system: chloroform* ether saturated 
with waters 9^ ethanol (4:1*1, v/v). The structures of the products 
were inferred from their UY spectra and mass spectra. 
Chemical Synthesis 
o-Asino^enol-^^C and anthrasiilic acid-l-""^C were synthesized by the 
procedures reported by TU (75), o-Aminophenol-~^C was s3rnthesi3ed by 
the nitration of phenol—~^C, The o—nitrophenol—^^C was crystallized in 
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water and the wet crystals were hydrogenated. The product was purified 
by sublimation to give white needles with m.p. 171°C. The specific 
14 4 / 
activity of o-aminophenol- C was 3*15 x 10 cpm/pmole. 
14 Anthranilic acid-1- C was synthesized by the oxidation of o-nitro-
14 toluene-1- C followed by hydrogénation. The synthetic anthranilic acid-
14 1- C showed one fluorescent spot on silica gel TLG iriien it was ex­
posed UV light. Its specific activity was 5*85 x 10^ cpm/jimole and it 
melted at 145°C, 
Synthesis of DIBGA 
Preparation of potassium :a-nitrophenolate o-Nitrophenol (13.9 g, 
0.1"mole) was dissolved in 50 ml absolute ethanol with gentle warming; 
5.6 g of potassium hydroxide (O.l mole) was dissolved in 200 ml of absolute 
ethanol also with gentle warming. The potassium hydroxide solution was 
filtered into a one-liter beaker and the £-nitrophencl solution was added 
with stirring. Orange needles formed in one hour and were filtered after 
2 hours, washed with 2 x 200 ml portions of absolute ethanol and 3 x 200 ml 
of anhydrous ethyl ether, dried in air. The yield was 100^. 
Preparation of ethyl a-nitrophenoxy fluoroacetate To 5 S of po­
tassium o-nitrophenolate (0.028 mole) in 100 ml of dimethylformamide was 
added 5 g of ethyl chlorofluoroacetate. The solution was stirred for 30 
min and stood for 2 days at room temperature, during which a white precip­
itate of potassium chloride formed. The reaction mixture was then diluted 
with 100 ml of cold water and extracted with 3 portions (200 ml each) of 
ethyl ether. The pooled ether solutions were washed with 3 portions (50 
ml each) of water, dried with anhydrous magnesium sulfate, filtered and 
the solvent removed under vacuum with a rotary evaporator at 20-25°C, The 
resulting yellow oil was applied to a column of silicic acid, (200 g in 
4 % 30 cm), which was then eluted with benzene. After a yellow Isanà 
(£-nitrophenol) was eluted, an additional 6OO ml "benzene was used to elute 
the product. The "benzene was removed under vacuum at 30°C in a rotary 
evaporator yielding a light yellow oil in 7^ yield » Boiling points decom­
poses at 120°C. Thin layer chromatography; Rf = 0,45 oh silica gel 
developed with "benzene. The UV and mass spectra of this compound were meas­
ured. 
Preparation of 2.4-dihydroxy-1.2H ) -benzoxazine-3-one To a 200 
ml of water was added 1 g of eiJiyl £-nitrophenoxyfluoroacetate and the 
mixture was stirred at room temperature, A solution of ammonium chloride 
(1 g in a"bout 10 ml water) and 1,5 g of zinc dust were added to the aqueous 
mixture of ethyl £-nitrophenoxyfluoroacetate over a period of 15 min. The 
mixture was then filtered and the zinc dust was returned to the reaction 
"beaker. The walls of the "beaker were washed down with a small amount of 
ethyl ether and another portion of ammonium chloride solution (l g in 200 
ml water) was added. After stirring I5 minutes the reaction mixture was 
again filtered. The filtrates were combined, and ethylenediaminetetra-
acetate acid (EDTA) was added to saturate the solution. After 5 minutes 
stirring the solution was extracted with several portions of ethyl ether. 
The com"bined ether extracts were washed with two small portions of water 
and dried with anhydrous magnesium sulfate, filtered and evapozrated to the 
smallest volume in vacuum at room temperature with a rotary evaporator (no 
crystals formed after evaporation of ether). The brown gummy product was 
crystallized in acetone-benzene and the white needle crystals were washed 
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with a small volume of benzene. The yield was 30^® The overall yield of 
DIBQA was 22^, The product melts at 147-8°C (lit. 151-3°C), Its UV and 
mass spectra were measured. It had an Rf value of 0,48 on silica gel 
developed in ether saturated with water and showed a blue color after 
spraying with FeCl^ solution. 
Miscellaneous reactions 
Preparation of methyl bi s-(o-nitrophenoxy)-acetate The reaction 
of potassium o-nitrophenolate (l g) and methyl dichloroacetate (l g) was 
carried out in 20 ml of dimethylformamide at 80°C for 3-5 hours with stir­
ring, The product was purified "by the same procedure as described for 
ethyl o-nitrophenoxyfluoroacetate. After silicic acid column purification, 
the product was recrystallized in "benzene-Skelly B (hexane) and gave light 
yellow needles which melt at 90°G. The Rf value on silica gel *^^254 
veloped with benzene was 0,22, The NKR spectrum and mass spectrum were 
measured. The yield was 70^, 
Preparation of 2-o-aminophenoxy-4-hydroxy-l,4(2H)-benzoxazin-3-one 
(AHRQA) Methyl bis-(o-nitrophenoxy) acetate (100 mg) >ra,s reduced in 
20 ml of 8CÇ& ethanol with ammonium chloride (100 mg) and zinc dust (15O mg) 
within 30 minutes at room temperature. After adding a small volume of 
Hater, the reduced product was extracted with several portions of ethyl 
ether. The ether solution was washed with a small volume of water and 
dried with anhydrous magnesium sulfate, filtered and evaporated, to dryness 
in vacuum at room temperature with rotary evaporator. The solid resolve 
•was recrystallized from acetone-Skelly B (hexane) and the mass and UV 
spectra were measured. The zinc concentration of this reduced product was 
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analyzed by Analytical Chemistry Group I, Ames laboratory Atomic Energy 
Commission, Ames, Iowa, This compound melts at 156-158°C has Rf = 0,56 
on silica gel developed in ether saturated with water. It also shows 
a positive reaction with FeCl^ spraying reagent, %e yield was 8C^, The 
overall yield of the reduced compound was 
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RESULTS 
Metabolism of Benzoxazlnones 
Feeding Experiments 
The efficiency of incorporation of radioactivity into DIMBQA or its 
degradation products is expressed in terms of the dilution of specific 
activity (S. A.), i.e., the specific activity of substrate divided by the 
specific activity of DIMBOA or its degradation products. The results of 
the feeding experiments are summarized in Table 1. 
These experiments can be divided into three categories: the 
incorporation of anthranilic acid-l-^^C and o-aminophenol-^^G; feeding of 
these two substrates accompanied by phenylhydrazine sund ascorbic acid; ajid 
the distribution of in the DIMBQA molecule from labeled D-ribose-1-
and L-ascorbic acid-l-^^C, 
14 The feeding of anthranilic acid-1- G showed the incorporation of 
this compound into DIMBOA and HMBOA, The specific activity and dilution 
factor for DIMBOA were measured from its degradation product 6MB0A, There 
14 
was no incorporation of o-aminophenol- C into DIMBOA even when phenylhy­
drazine and ascorbic acid were added in the feeding solution. The feeding 
14 
of anthranilic acid-1- 0, phenylhydrazine and ascorbic acid used as a 
control for experiment So. 4 in Table 1 and resulted in the same dilution 
IZL 
factor as from the feeding of anthranilic acid-1- C alone, 
14 
L-ascorbic acid-1- C was incorporated into DIKBOA. The dilution 
14 factor changed when the concentration of L-ascorbic acid-1- C and the 
number of com seedlings used varied. A high concentration of the substrate 
14 
Table 1. The incorporation of radioactive substrates into DIMBOA and the distribution of G in the 
DIMBOA molecule from labeled precursors 
Substrates Number of DIMBOA 
' " S,A. " Amount seedlings S.A. (1) Dilution factor 
(cpm/pmolo) (^mole) (cpm/^mole) 
1. 
lU 
Anthranilic acid-1- G 3.81 X 5.0 10 
2. o-Aminophenol- 0 2.50 X lo'^ 5.0 10 
3. 
111 
Anthranilic acid-1- G 
Phenylhydrazine 
Ir-ascorbic acid 
5,85 X 10^ 2.5 
0.5 
10.0 
5 
4. 14 o-Aminophenol" (3 
PhenyiLhydrazine 
L-ascorbic acid 
3.15 X 10^ 2.5 
0.5 
10.0 
5 
5. 
1/L 
D-ribose-l- G 9.77 X 10*^ 1.80 50 1058 9.2 X 10^ 
6, 14 L-ascorbic acid-1- G 4.97 X 10^ 1.80 50 34 l<,5 X 10^ 
7. 
14 
L-ascorbic acid-1- G 6.00 X 10^ 1.48 10 1250 4.8 X 10^ 
8. 111-L- ascorbic acid-1- G 6.00 X 10^ 1.48 50 111 5.4 X 10^ 
9. 
14 L-ascorbic acid-1- G 6.00 X 10^ 2.96 50 419 1.4 X 10^ 
Table 1, (Continued) 
gMBÔÂ ~BaC0^7G-3 of DIMBOA) BaCO^ (C^ of DIMBÔÂ) ÏÛffiÔÂ 
S.ATW" DilutioiTslA. (2) ^  S.A. "(I) STÂ. M) ^ S.A. (4) S.A. V^^TZ S.A. Dilution 
(cpm/umole) factor S.A. (l) cpm/;imole S.A. (2) cpm/;imole S.A. (l) opm/pmole factor 
779 liO 378 101 
0 
1216 48 
0 
1077 102 41? 39.4 63 5,8 
54 114 0.8 1.5 2.5 4.5 
151 136 13 8.6 
390 94 10.2 2.6 
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and a smaller number of seedlings resulted in "better incorporation. The 
feedings of D-ribose-l-^^C and L-ascorbic acid-l-^^C were under the same 
conditions, i.e., both substrates were at the same concentration and the 
same number, same age of corn seedDiiigs was used. In Table 1, the results 
show that the dilution of L-ascorbic acid-l-^^C is 16 times higher than 
14 14 that of D-ribose-l- C, i.e., D-ribose-l- C has better incorporation thaai 
14 
L-ascorbic acid-1- C into DIMBOA. 
Results of the degradation of DIMBOA show that the incorporation of 
14 
D-ribose-l- C was 40^ at the C-3 atom in the DIMBOA molecule and only 
6$ at C-2 atom, L-ascorbic acid-l-^^C was incorporated in a mors nearly 
random manner. 
The radioautograph of products of the feeding of anthranilic acid-1-
14 C is shown in Figure 3» Figure 3-A is the radioautograph of the ether 
extract of the homogenate of corn seedlings. The radioactive compounds ares 
DIMBOA at Rf 0.62; HBOA at Rf 0.71; 6MB0A at Rf 0.78; and BOA at Rf 0.83. 
Figure 3-B represents the results from the degradation of DIMBOA in water. 
The spots at Rf 0.81 and 0.59 are ÔMBOA and HMBOA, respectively. 
The total radioactivity of the protein from plants fed anthranilic 
14 
acid-1- C was only 0.1^ of the total radioactivity of the ether extract. 
Experiments with Cell-Free Extracts of Corn 
Seedlings and Radioactive and Nonradioactive 
Precursors of DIMBOA 
Anthranilic acid and the cell free extract B-1 
A radioautogram of a thin-layer chromatogram of the ether-soluble 
products resulting from incubation of anthranilic acid-l-^^C with a cell-
Figure 3, Radioautograph of Baker-flex silica gel IB-F TLC developed 
in ether saturated with water. 
A, Representing the ether-soluble materials from corn 
seedlings fed anthranilic acid-1- C 
Rf values: Spot No, 1 = 0.62, DIMBOA and HMBOA; spot No, 
2 = 0,71, HBQAî spot No. 3 = 0.78, 6MB0A; spot No, 4 = 
0.83, BOA, 
B. Representing the degradation of the product at Rf = 0,62 
in water 
Rf values; Spot No. 1 = 0.59, HMBOA; spot No, 2 = 0,81, 
oMBOA, 
SPOT NO. 
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free extract of seedling leaves (Figure 4-A) shows several labeled prod­
ucts but no incorporation of into DIME OA. Even at zero time of the 
reaction, 3 radioactive spots (spots 1, 2. and 4) were observed in 
addition to the substrate anthranilic acid-l-^^C (spot ?), These 3 
radioactive products have not been identified. The concentration of 
spot No, 4 decreases with increasing incubating time. Figure 4-B shows 
the radioautogram of the ether-soluble materials after degradation in 
water and again shows no labeling in either 6MBOA. or HMBQA, 
Spots 1 and 3, Figure 4-B, are the same compounds as spots 2 and 4 in 
Figure 4-A, respectively. Figures 4-Aa and 4-Bb represent the thin-layer 
chromatograms corresponding to Figures 4-A and 4-B, respectively. The 
S.A. of 6MB0A and HMBQA, obtained by eluting these compounds from the 
thin-layer plate shown in Figure 4-Bb, were found to be 5 and 97 cpm/ 
umole, respectively. The S.A. of 6MB0A is negligibly low and the 
radioactivity found in HMBQA is probably due to contamination by the 
material in spot 1, Figure 4-B, iriiich has an Rf value close to that of 
HMBQA, Again there is no evidence for incorporation of anthzranilic acid-
14 
1- G into Dli-iBOA in the cell free extract. The aqueous solution after 
ether extraction has no significant radioactivity. 
Control experiments show that the material in spot 4 in Figure 
4-A is a product of nonenzymatic reaction of anthranilic acid and DIKBOA, 
Figure 5 is the thin-layer chromatogram of the controls. Reaction I has 
no product. It is probably due to the concentration of DIMBOA in E-1 
diluted Is10 with buffer is too small. Reaction II is the control to 
check the stability of anthranilic acid. Reactions of number III and IV 
show that the product at Rf = 0,68 is the same compound as unknown a in 
Figure 4. Radioautpgraph of the ether soluble materials from anthranilic 
acid-l-^ C and cell-free extract 2-1, 
TLCî Baker-flex silica gel IB-F developed in ether saturated 
with water 
14 
A. Anthranilic acid-1- G, 1 Ausole; ATP, 2 ;iisoles; PRPP, 
2 jLimoles ; TPN, 2 ;amoles; G-6-P, 2 ;imoles; G-6-P dehydro­
genase, 2 units; and 1.9 ml E-1 at 30°C; total volume, 
2,5 ml in phosphate buffer (pH 7,0); time of reactions; 
I, 0; II, 5 min; III. 15 min; IV. 30 min 
Spot No. 1. unknown c; 2. unknown b; 3. DIMEOA; 4. 
unknown a; 5« HBOA; 6. unknown; 7» anthranilic acid-
1-^^C; (Spot No, 3P 5S and 6 are shown in Figure 4-Aa) 
B, Ether-soluble materials from A-II after degradation in 
water 
Spot No. 1, unknown b; 2. HMBGA; 5= unknown a; 4. KBGA; 
5. 6MBQA; 6, anthran^ilic acid-l-^^G; 7, impurity of 
anthranilic acid-l-^^C (Spot No, 2, 4, and 5 a-re shown in 
Figure 4-Bb) 
SPOT NO. 
1 2 3 4 5 6 7 
M# 
Figure 4-Aa. Thin-layer chromatograph of Figure 4-A 
Spot No, 1. unknown c; 2, unknown b; 3« DIMBQA and HMBOA; 
unknown a; 5* HBOA; 6, unknown; 7. anthranilic 
acid-l-l^C, 
4-30. Thin-layer chromatograph of Figure 4-B, 
Spot NOo lo unknown "b; 2. HMBOA; 3* unknown a; 4, HBOA; 
5. 6MB0A; 6, anthranilic acid-1-^^; 7. impurity of 
anthranilic acid-1-^4]. 
SPOT NO. 
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Figure 5, Thin-laj^er chiSomatograph ( Baker-flex silica gel IB-F developed in ether saturated with 
rater) of the products of reaction of anthranj.lic acid (1 jumole) and E-1, 
Reactions conditions* time of reaction* 15 min. I. anthranilic acid and E-1 diluted 
1*10 with buffer; II» aniiiranilic acid and boiled IB-; III. anthranilic acid, DIMBOA 
(l iiDiolti) and E-1 diluted 1*10 with buffers IV, anthranilic acid, DIMBOA (l Mmole) 
and buffer; V. anthranilj.o acid, HBOA (l ;umole) and E-1 diluted 1*10 with buffer; 
VI, ant?iranllic acid, HBOA (l jumole) and buffer; V3II. anthranilic acid, boiled E-1 
and 13-1 d;llutod 1*10 idth buffer; VIII, E-1 diluted 1*10 with buffer and boiled E-1; 
Rf values * 0,90, authrsinilic acid; 0,72, HBOA; 0,68, unknoim a; 0.64, DIMBOA (III and 
IV) or HMBOA (ll, VII and VIII). 
Rf VALUES 
0.64 0.68 0.72 
y^. 
TTAssyrŒttïcsy 
9^7 
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Figures 3 and 4. They "both have the same Rf value relative to DIMBOA 
(l.l), i.e., Rf of the product/Rf of DIMBOA. Reactions of number V and 
VI indicate that HBOA does not react with anthranilic acid under the same 
conditions as DIMBOA. 
The nonenzymatic product of anthranilic acid and DIMBOA showed the 
blue color with the acidic FeCl^ spraying reagent. This nonenzymatic 
reaction is not affected by ATP, TPNH or IRPP. 
Anthranilic acid and cell free extracts of 2-2 and E-3 
No product has been observed in this experiment, neither enzymatic 
nor nonenzymatic, 
T/j. 
o-Aminophenol-" C and cell free extract E-1 
14 
Figure 6 shows the results of incubation of £-aminophenol- G and the 
1 II 
cell-free extract E-1 and shows no C in the DIMBOA molecule. Two 
enzymatic products were observed at Rf 0,78 and Rf 0.72. Neither product 
has been identified. In the beginning of the reaction, the product at 
Rf 0.72 was formed. After 40 min, a new product at Rf 0.78 appeared as 
the concentration of the compound (Rf 0,72) decreased. However, these 
two products have not been observed in the reaction of £-aminophenol and 
the cell-free extract E-2 or E-3. 
Fixation of Radioactive CO^ into Com 
Seedlings 
In these experiments the radioactive DIMBOA was converted to 6MBOA 
for isolation and determination of specific activity but it should be 
Flguie 6, Radioautograph of o-ar\inophenol- G and cell-free extract E-1 
Reaction conditionsi o-aminophenol-' G, 1 wmole; ATP, 2 ^ nmoles; PRPP, 2 jumoles; TPN, 
2 ;amoles} G-6-P, 2 jamole. G-6-P dehydrogenase, 2 units and 1,9 ml of E-1 at 30°G. I. 
Standard £-aminophenol-^^C; II, Controli reaction in boiled E-1; time of réactions; 
III, 20 min; IV; UO min; V, 60 min; VI, 80 min; VII, 120 minj Rf values: 0,83, 
o-aminophonol- G; 0,78, unknown e; 0,72, unknomi dj 0,60, DIMBQA 
Rf VALUES 
0.60 0.72 0.78 0.83 
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understood that the metabolism "being studied is that of DIMBOA. The 
labeling of HMBQA was also reported. Other compounds of the benzoxazinone 
family have not been reported due to their extremely low q^uantities. The 
duration of the metabolism of radiactive DIMBOA usually took 6 days. 
During this period, the weight of the corn seedlings generally remained 
the same and their height varied only within one inch (about 6" to 7"). 
The time courses of labeling of DIMBOA and HMBOA in four inbred 
varieties, CI3IA, B49, B52 and WF9, are shown in Figures 7, 8, 9, and 
10, respectively. Both degradation and synthetic reactions of DIMBOA 
and HMBOA follow first-order kinetics. The first-order rate constants, 
k, calculated from least squares for linear function and half-times are 
listed in Table 2. The average concentration of 6MB0A (or DIMBOA) and 
Table 2. Rate constant and half-time for the degradation and synthesis 
of DIMBOA and HMBOA of four inbred varieties in vivo 
6MB0A HMBOA 
Rate constant Half-time Rate constant Half-time 
k (i-iT"^) ti (hr) k (hr"^) ti (hr) 
Degradation 
B52 9.57 X 10"^ 7 2.43 X 10-2 28 
WF9 8.85 X 10-2 9 3.21 X 10-2 22 
B49 5.07 X 10"^ 14 4.29 X 10-2 16 
CI5IÀ 1.74- X 10-2 40 1.72 X 10-2 40 
Synthesis 
352 3.54 X 10-2 20 3.48 X 10-2 20 
WF9 6.15 X 10-2 11 3.27 X 10-2 21 
B49 3.17 X 10-2 22 1.16 X 10-2 60 
CI3IA 2.55 X 10-2 27 2.23 X 10-2 31 
Figure ?• Fixation of radioactive CO^ into corn seedlings of CI3IA, 
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Figure 8, Fixation of radioactive CQ_ into com seedlings of B49 
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Figure 9» Fixation of radioactive CO^ into corn seedlings of B52 
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Figure 10, Fixation of radioactive GO^ into corn seedlings of WF9 
SPECIFIC ACTIVITY 
59 
of HMBOA in young corn seedlings (about 6") are listed in Table 3» The 
content of 6MBOA in the plant remained at nearly constant during the 
period of experiment. b49 and CI3IA have higher maximum specific activi­
ties of 6MB0A and HMBOA than that of B52 and HP9 as shown in Table 3» 
Table 3e The average concentrations of 6MBOA (DIMBOA) and HMBOA in com 
seedlings of four inbred varieties and their maximum specific 
activities 
6mBQA HMBOA 
Maximum Maximum 
umole/g seedling Specific activity umole/g seedling Specific activity 
cpm/umole cpm/umole 
B49 1.28 1,751 0.41 1,172 
B52 0.81 531 0.40 762 
CI3IA 0.56 1,053 0.39 1,282 
WF9 0.22 733 0.22 974 
Enzymatic Reduction of HBOA and the Activity of 
/3-Glucosidase 
Activity of 2-hydroxy-benzoxazinone reductase 
The activity of 2-hydroxy-benzcxazinone reductase in CI3IA, 34-9, and 
'WF9 are shown in Figure 11, 12, and 13» respectively, and in Table 4. 
Figure 11 shows that the activity of the enzyme is stimulated by TENH, 
not TPNo It was shown previously (l?) that the activity of the enzyme 
was higher in the presence of TPNH theun without any cof actors. The 
enzyme from WF9 shows a long lag period after which the reaction rate 
is similar to that of the enzymes from GI3IA and B49o 
Figure 11. Activity of H-hydroxy-bensioxazinone reductase in CI'31A at 37^0 in phosj^te buffer 
(pH 7.0,1 
A. IffiOA, 1 uinolej TKi, 2 tmolesj G-6-P, 2 umolesi G-6-P dehydrogenase, 2 units; 
and E-1, 2 ml; total volume 2.5 ml 
B. IIBOA, 1 umole; TPN, 2 mole; and E-1, 2 ml; total volume 2,5 ml 
a. 
O 
A 
B 
A. 
20 
TIME (hr) 
Figure 12. Activity of 2-hydroxy-bennoxazinone reductase in B49 at 37°C in phosphate buffer 
(pH 7.0) 
HBOA, 1 umolef TPN, Z umoXos; G-6-P, 2 umolesj G-6-P dehydrogenase, 2 units; and 
E-l, 2 lull total volume 2,,.5 ml 

FigitcG 13, Activity of 2-hy*iroxy-b8Kts:oxazinone reductase in at 37°G in phosphate buffer 
(pH 7.0) 
HBOA, 1 umolej TJPN, 2 umo3.es> G-6-P, 2 uncles; G-6-P dehydrogenase, 2 units; and 
E-l, 2 ml; total volume 2,^ ml 
' — -i. 
20 
TIME (hr) 
__L_ 
30 
66 
Table 4. Specific activity of E-hydroxy-benzoxazinone reductase 
specific activity 
mg protein/ mg protein/ pmole,/^ imole/hr/mg protein 
g seedling ml extract 
GI3IA. 2.9 1.5 6,80 X 10'^ 4.54 X 10"^ 
B49 2.7 1.4 3.63 X 10"^ 2.60 x lO"^ 
WF9 4.0 2.0 7,80 x lO"^ 9.90 x 10~^ 
/3-glucosidase 
All three inbred varieties of CI31A, B49, and *îF9 have the same 
specific activities of /S-glucosidase as shown in Table 5» 
Table 5» Specific activity of ^ S^lucosidsss 
Specific activity 
mg protein mg protein/ O.D. (410 umole o-nitro- miole/min/mg 
g seedling ml extract nm)/mln phenol/min/ml protein 
CI3IA 2.9 1.5 0.041 0.70 0.47 
349 2,7 1.4 0.038 0.67 0.46 
WF9 4.0 2.0 0,046 0.80 0.40 
Chemical Aspects of Benzoxazinones 
Detoxification of Simazine by DIKBQA ^  vitro 
The study of the time-course of the detoxification of simazine by 
DIMBQÂ at two concentrations differing by a factor of 10 is shown in the 
radioautograph of Figure 14 and Table 6. The results show that the rate 
Figure 14. Radioautograph of the detoxification of simazine cailalyzed by DIMBOA at J7^Q 
A. DIMBOA, 4 jumoles, and simazine, 20 mumoles, in 2 ml citrate buffer (pH 4,8) 
B, DIMBOA, 0.4 ;imoles, and simazine, 20 mpmoles, in 2 ml citrate buffer (pH 4,8) 
G, Simaisine, 20 miamoles, ;ln 2 ml citrate buffer (pH 4.8) 
Spot No, 1, unknown; 2, hydroxysimazine; 3» unknown; 4. simazine 
B A B 
0 0 0 1 10 10 
^ .N Ki 
B C A 
20 20 3 
TIME (hr) 
ik 41 
B C A 
30 30 4 
B C A 
40 40 40 
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of detoxification of simazine is dependent on the concentration of DIMBQA. 
The hydrolysis of simazine started rapidly at the higher concentration 
of DIMBOA, At the high concentration of DIMBQA (2,0 mM), the hydrolysis 
was complete after 40 hours. At the low concentration of DIMBOA (0.2 
mM), 70^ of simazine was not hydrolyzed even after 40 hours. 
Table 6. Effect of concentration of DIMBOA on rate of hydrolysis of 
simazine 
Simazine recovered, % of total radioactivity 
Cone. DIMBOA t x C, mnoles/l x hr^ 
0^ 2 4 6 8 
0 91 91 93 93 91 
0.2 mM 82 68 65 72 64 
2.0 mM 53 45 32 14 15 
^%oduct of concentration of DIMBOA and time of incubation. 
^Samples taken as soon as possible after preparation of reaction 
mixtures. 
Degradation of DIMBOA in Hydrochloric Acid Solution 
The change of the UV absorbance spectrum of DIMBOA in 1 N SCI solu­
tion at 37® C is shown in Figure 15. The reaction was complete after 5 
days. The final products were purified by silica gel TLC and they 
were isolated from Kfs 0,95, 0,90 and 0.20. Their UV absorbance spectra 
are shown in Figure 16 for Rf 0.95, Figure 17 for Rf O.9O, and Figure 18 
for Rf 0.20. When these three compounds were mixed together, a UV 
spectrum similar to the spectrum at 5 days in Figure 15 was obtained. 
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Figure 15* Degradation of DIKBOA in i K liCl 
(0,01 mg/ml) at 37°C 
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Figure l6, UV spectrum of the acid-catalyzed 
DIM30A degradation product at 
Rf - 0,95 in 1 N KCl 
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Figure 17. uT spectrum of the acid-cataiyzed DiMBOà 
degradation product at Bf = 0.90 in 1 N HCl 
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Figure 18, UV spec tram of the acid-catalyzed DIMBQA 
degradation product at Ef = 0.20 in 1 N HCl 
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The product at Rf 0,90 has the same UV spectrum as 6MBQA (Appendix 
Figure A-ll)• Its structure was also confirmed as 6MB0A by the mass 
spectrum. 
In the mass spectrum of the product at Rf 0.20 the parent peaJc has 
m/e =• 255» and a p + 2 pea-k with about one-third the intensity of the 
parent peak indicates the presence of CI in the molecule. According to 
the report by Coutts and Pound (69)» vdien hydrochloric acid and other 
nucleophilic reagents react with aromatic hydzoxylamines, para-chlorine 
substituted amines are the major products. Since the position para to 
the DIMBOA hydroxamate has been occupied by the methoxy group, therefore, 
ortho-substitution is expected. The complete structure of this product 
is not known. 
The structure of the product at Rf 0,95 (Figure I6) has not beben 
confirmed. No reliable mass spectrum could be obtained for this product. 
Since it has a UV spectrum similar to that of 5-®ethoxy-£-aminophenol 
(Appendix Figure A-12), it is suggested that this product could be 5-
methoxy-£-aminophenol or a derivative, 
6MBOA was stable in 1 N HCl solution at 60°C for 2 days whereas 
HBQA was completely converted to £-aminophendL which was identified by the 
UV spectrum. 
Chemical Synthesis of DISOA 
The overall reaction scheme for the synthesis of DIBOA is summarized 
in Figure 19, 
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Figure 19» Synthesis of DIBOA 
The UV spectrum of ethyl o-nitrophenoxyfluoroacetate is shown in 
Appendix Figure A-6 and its extinction coefficient is listed in Appendix 
Table A-1. The mass spectrum shows a molecular ion at m/e 243 (calculated 
molecular weight 24-3.2), as shown in Figure 20, and fragment ions con­
sistent with the proposed structure. This compound is very stable in 
50 
20 
I 
100 120 
m/e 
140 160 l(K) $^43 
Figure 20, Mass spectrum of o-nitrophenoxyfluoroacetato 
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water or NH^^Cl solution at room temperature, tut it decomposes at 
temperatures above 100°C and the melting point was unable to be detected. 
Its density is 1,2963 g/ml. 
The UV spectrum of DIBOA is shown in Appendix Figure A-4 and its 
extinction coefficient is listed in Appendix Table A-1. The mass spectrum 
is shown in Figure 21. A molecular ion at m/e l8l and fragment ions 
consistent with the proposed structure are seen. The molecular weight by-
high resolution mass spectroscopy is 181.037325 (calculated molecular 
weight 181.0375024 based on the standard = 12.00000). BOA was 
observed when the synthetic DIBOA was degraded in water. DIBOA and DIMBOA 
are unstable on silicic acid. The instability is demonstirated by the 
change in their UV spectra as shown in Figures 22 and 23. 
Miscellaneous Reactions 
The reactions for the synthesis of 2-o-aminophenoxy-4-hydroxy-l,4(2H)-
benzoxazin-3-one(AHB0A) are shown in Figure 25. The NMR spectrum of 
methyl bis-(o-nitrophenoxy)-acetate has a. singlet at 3 « 8 S due to the methyl 
group and a singlet at 6.3S from the proton at the acetal carbon atom. 
The aromatic protons have a complex split pattern between 7.0 and 8.05. 
The mass spectrum of this compound has the maximum mass m/e 210 and no 
peaks at higher mass. 
The mass spectrum of AHBGA has a molecular ion at m/e 272 (calculated 
molecular weight 272.11) from which the structure of the compound was 
proposed. The UV spectrum has maxima at 283 nm and 237 nm in ethanol 
with both peaks skewed, but a spectrum similar to that of DIBOA, with more 
symmetrical peaks, was obtained in acid solution as shown in Figure 24. 
900 
Figure 21, Mass spectrum of DIBOA 
Figure 22, The change of UV spectrum of DIBOA on silica gel TLC 
I, DIBOA 
II, DIBOA (same concentration as l) on TLC for 2 hours 
III, DIBOA (same concentiration as l) on TLC for 6 hours 
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Figure 23# The change of UV spectrum of DIMBOA on silica gel TLG 
I. DIMBOA 
II, DIMBOA (same concentration as l) on TLG for 2-6 hours 
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Figure 24. The UV spectrum of AHBQA 
I, AHBQA in 9^ ethanol 
II, AHBQA (same concentration as I) in acidic ethanol 
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Figure 25= Synthesis of AHBQA 
Efforts to hydrolyze this compound to DIBOA were unsuccessful. 
A zinc chelate was isolated from the reduction of methyl bis-(o-nitro-
phenoxy)-acetate when treatment with EDTA was omitted. The zinc analysis 
shows 90^5^ zinc in the chelate molecule (calculated zinc content is 
10,7^ based on C^g N^^OgZ^). The zinc chelate structure is shown in 
Figure 26. 
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Figure 26. The structure of zinc chelate of AHBQA 
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DISCUSSION 
Metabolism of Benzoxazinones 
The study of the biosynthesis of DIMBOA was first reported by Reimann 
and Byerrum (34, 35)* They concluded that the aromatic moiety of DIMBCA 
is biosynthesized from quinic acid via the shikimic acid, pathway. This 
conclusion was supported by the observation that radioactive shikimic acid 
was incorporated into DIMBOA (75). Reimann and Byerrum also suggested 
that a nitrogen-containing aromatic prod.uct of the shikimic acid pathway 
could be an intermediate. Husted, using anthranilic acid-^% (78) 
demonstrated that the amino group of amthranilic acid is the source of 
nitrogen for the heterocyclic ring of DIMBOA. The was incorporated 
into DIMBOA with a dilution factor of 14, but rather large dilution factors 
for anthranilic acid-l-^^C, from 280 to 7,600 in several experiments, were 
reported by the same author. However, the variation in the dilution factor 
14 for anthranilic acid-1- C was eliminated in the experiments reported 
here. The dilution factors were 49 and 48 (Table l) for anthranilic acid-
14 16 
1- C in two experiments lAen the same amount of anthranilic acid-1- C 
cind same age, same number of corn seedlings were used for the feeding 
experiment. This result also confirms Husted's (78) conclusion that 
anthranilic acid is one of the intermediates between shikimic acid and 
DIHBQÂ. 
The dilution factor is affected by several parameters in addition to 
those, e.g., the amount of labeled material fed and the number, size and 
age of the plant, mentioned above, Others include the endogenous pool size 
of the material fed, the end product, and the intermediates, and the rate 
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of conversion of precursor to product. Therefore, vdien two labeled 
materials are fed to investigate the precursor-product relationship, the 
experimental conditions should "be as nearly the same as possible, 
HMBOA in Table 1 has the specific activity 378 cpm/^mole with a 
14 dilution factor of 101 for anthranilic acid-1- C, It is not possible to 
determine the metabolic relationship between DIMBOA and HMBOA with the 
present result, Wang (l?)» using radioactive DIMBQA-glucoside, HMBOA-
glucoside, DIMBOA, and KKBOA, suggested that DIMBOA and HMBOA as well as 
DIMBOA-glucoside and HMBOA-glucoside are interconvertible, but his experi­
ments did not clarify the question whether the interconversion takes place 
before or after hydrolysis of the glucosides. 
In Tecoma stans, 3-hydroxyanthranilic acid and £-aminophenol are 
intermediates in the biosynthesis of catechol (5I) and isophenoxazine (53) 
from anthranilic acid, 3-Hydroxyanthranilic acid was found not to be a 
precursor of DIMBOA (75) «> The result of the feeding of £-aminophenol-^^G 
in Table 1 shows that this compound is not incorporated into DIMBOA at 
all, o-Aminophenol is rather unstable towards air oxidation, therefore, 
L-ascorbic acid was added to the feeding solution to prevent the air 
oxidation of o-aminophenol, o-Aminophenol can be oxidized by phenol 
oxidase or peroxidases (79)* Phenylhydrazine, which was shown to inhibit, 
specifically and irreversibly, a number of catechol oxidases from plant 
tissues (80), was added in some experiments to prevent enzymatic oxidation 
of o-aminophenol. The phenyhydrazine did not interfere with incorporation 
1^ 
of anthranilic acid- C into DIMBOA, but there was still no incorporation 
of £-aminophenol. Therefore, £-aminophenol cannot be an intermediate 
between anthranilic acid and DIMBOA, 
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Reimann and Byerrum (34) postulated that the N-deoxyribulotide of 
an aromatic amine derived from the shikimic acid pathway is an inter­
mediate in the "biosynthesis of DIMBQA, They also reported that D-ribose-
1-^^C is incorporated into DIMBQA specifically at the C-3 atom (62.^), 
Therefore, the N-deoxyribulotide was suggested to be the product from 
anthranilic acid and ribose phosphate (79)o Since phosphate esters are 
not readily taken up by intact plant cells, a cell free system was devised 
by Tu (75) to study the biosynthesis of DIMBOA from N-deoxyribulotides 
and some other precursors, e.g., anthranilic acid, 3-hydroxyanthranilic 
acid; and o-aminophenol. She proposed that the ascorbate which has been 
added in the preparation of the cell-free extract is the immediate 
precursor for the formation of the oxazine ring of DIKBOA, As postulated 
l/f by Tu, if ascorbate is the immediate precursor of DIMBOA, then the C 
14 incorporation from L-ascorbic acid-l- C into DIMBOA should be predominant­
ly at carbon 3 atom of the DIMBOA molecule. The results in Table 1 show 
that the label is only 1,^ at carbon 3 and ^  at carbon 2 while D-ribose-
l-^^G has incorporation at carbon 3 and 6^ at carbon 2 of DIMBOA. 
This result supports Reimann auad Byerrum's (34) report that ribose was the 
precursor whose carbons 1 and 2 contributed the carbons 3 and 2 of the 
oxazine ring of DIMBOA. The significant specific activity of the aromatic 
14 
moiety of DIMBOA from the feeding experiments Hith D-ribose-1- G and L— 
14 
ascorbic acid-l- C was not measured accurately due to the strong quenching 
by the intense brown color from $-methoxy-a-amlnophenol. 
Tu reported earlier (75) that anthranilic acid-l-~^C, £-aminophsnol-
14 ? 
C and 3-hydroxyanthrcinilic acid-*^, as well as the deoxyribulotides of 
these compounds, were incorporated into DIMBOA by her cell-free system. 
Since DIMBOA is quite unstable toward silicic acid (Figure 23) and no 
other chromatographic system for its purification is available, she 
purified her product by repeated crystallization. In repeating her work 
14 14 
with anthranilic acid-1- G and £-aminophenol- C the partially purified 
DIMBOA was degraded to 6MB0A in hot water and the 6MB0A was then purified 
by TLC. Using this procedure, no labeling of 6MB0A was observed, 
Anthranilic acid can form a nonenzymatic product with DIMBOA which hay 
an Rf value very close to that of DIMBOA in the TLC system used here 
(Figures 4, 5)» The radioactivity found in DIMBOA by Tu was almost 
certainly due to contamination by this or a similar product. 
One of the factors which can make plant proteins particularly 
unstable and difficult to work with is the presence of phenolic compounds. 
These compounds can be oxidized enzymatically or nonenzymatically to 
give quinones which will inhibit many enzymes and subcellular organelles 
(79). This inhibition can be prevented by thiols ajid other reducing 
agents (81). As mentioned in the Experimental Section of this work, 
ascorbic acid and mercapxoethanol were used as the reducing agents to 
prevent the oxidation of phenolic compounds in the cell-free extract 
(E-1): The phenolic compounds were also removed by Sephadex G-25 Column 
(E-2) or by preparing an acetone powder (E-3). None of these preparations 
catalyzed DIMBOA synthesis. The activity of anthranilate ^-phosphori-
bosylpyrophosphate phosphoribosyltransferase in the cell-free extract 
(E-1) has been investigated by measuring the change of fluorescence of 
anthranilic acid as described by Smith and Yanofsky (82)= No enzymatic 
activity was observed. Two major factors «±iich could cause the cell-free 
system to be inactive toward anthranilic acid are suggested. One reason 
91 
could be that some co-factors required for the activity of the enzymes 
have Iseen dissociated ftom the proteins in the cell free extracts. The 
second reason could "be that the enzymes for DIMBOÂ synthesis are in a 
multienzyme complex from which intermediates do not dissociate and which 
does not combine with added intermediates* 
All results from the feeding experiments of earlier reports and of 
the present work show that anthranilic acid is unlikely to be converted to 
another aromatic amine, e.g., 3-hydroxyanthranilic acid or o-aminophenol, 
before reacting with a ribose phosphate. This suggests that the next 
intermediate is N-$'-phosphoribosyl anthranilate, also an intermediate in 
tryptophan biosynthesis. Since no significant amount of radioactive 
protein was obtained from the feeding experiment with anthranilic acid-
1-^^C, tryptophan is probably not formed from added anthranilic acid in 
the young com seedlings. 
The study of the fixation of radioactive CO^ into DIMBOA by seedlings 
of four inbred varieties of corn, 249, B52, CI3IA and WF9# shows that these 
four varieties can be segregated into two groups, b49 and CI3IA have 
slower degradation rates (Table 2), higher specific activity (Table 3) and 
require a longer time to reach the maximum specific activity of 6MB0A 
(Figures 7-10). It has been observed in this experiment that the content 
of DIMBQA remained nearly constant in the plant during the period of the 
experiment. Obviously, the change of the specific activity of ÔKBOA is not 
affected significantly by a change in the concentration of DIMBQA. 
Xiun and Robinson (25) have pointed out that the resistance of com 
to the Ist-brood Europesm com borer is directly related to the concen­
tration of DIMBQA. They observed that the ^ ung seedlings of the four 
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inbred varieties, B49, B52, CI3IA and WF9 have higher concentration of 
DIMBOA than at the whorl stage of older plants, and all these four young 
inbred varieties have apparent resistance to the European com borer. 
However, only B49 and CI3IA, that maintained high concentrations of DIMBOA 
in the lAorl tissue at later stages of development, were borer resistant 
in the field. At the whorl stage, B52 has only intermediate resistance 
to the borer whereas WF9 is susceptible, Klun and Robinson (25) concluded 
that the change of the resistance to the Ist-brood European com borer of 
the four inbred varieties could be attributed to the change of the con­
centration of DIMBOA or the content of the glucoside precursor. 
These experiments show that the change of the concentration of DIMBOA 
is controlled by the degradation rate of this compound. In other words, 
from the rate of the degradation of DIMBOA in seedlings, it is possible to 
predict the resistance to the Ist-brood Europesin com borer. Table ? 
shows the correlation between the degradation rate of DIMBOA, the con­
centration of 6MBQA in seedlings, the resistance rating and the concentra­
tion of 6mbqA at the whorl stage in four inbred varieties, B49, B52, CI3IA 
and WF9» The correlation in Table 7 shows, generally, the inbred variety 
iriiich has the slowest degradation rate has the highest resistance and 
highest 6MB0A concentration. 
Table 3 shows that the maximum specific activities of 6MBQA. in 34$ 
and CI3IA are higher than in B52 and WF9o This cannot be explained by 
dilution by pre-existing DIMBOA but it could be explained if the pool size 
of the intermediates, e.g., in WF9, is larger than that of B49, Again, if 
a higher percentage of the intermediate in B49 is converted to DIMBOA than 
in WF9s a high specific activity and higher content of 6MB0A in B49 should 
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Table 7, The correlation "between the degradation rate, concentration of 
6mB0A in seedling, resistance rating and the concentration of 
6MB0A at the whorl tissœ at different hei#&t of the plant in 
four inbred lines 
Imbred 
variety 
Degradation 
rate®" _ 
k (hr-) 
6MB0A^*^ 
Plant hei^t (in.) 
6 18 33 
Resist^ce 
rating 
CI31A 1.74 X 10"^ 33.3 23.89 12.18 1.95 
B49 5.07 X 10"^ 54.5 15.03® 13.73 2.10 
B52 9.57 X 10"^ 6,18 3.51 5.66 
WF9 8.85 X 10"^ 42.4 2.97 1.69 7.95 
^From Table 2, 
^;amole/g dry tissue. 
^TClun ajid Robinson (25)» Figure 5 and Table 4. 
*ScLun and Brindley (26) (the small rating, the hi^er resistance to 
borers; the larger rating, the hi^er susceptibility to borers). 
®At 15 in. 
be observed. 
The specific activities of DIMBQA and HHBQA. rise and fall roughly in 
•ih 
parallel following GO^ administration (Figures7-10). This is consistent 
with the suggestion of Wang (17) that they have a common precursor and are 
interconverted. rather than being precursor and product. 
xn the COg fixation experiments, it was concluded that the degradation 
rate is one of the factors controlling the content of DIMBQA. in the com 
plant. Wang (17) has observed an enzyme, 2-hydroxy-benzoxazinone reductase, 
which he suggested might be involved in the degradation of the 1,4-benzoxa-
zinones. The results in Tfe-ble 8 are the conversion of the previous data and 
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show that there is not a close correlation between the activity of this 
enzyme and the rate of turnover of DIMBOA. However, since the activity 
of this enzyme is of about em order of magnitude less than the degradation 
rates observed in CO^ fixation, this enzymatic reaction is unlikely to 
play a role in the control of the content of the benzoxazinones in the 
corn plant. 
The enzymatic hydrolysis of benzoxazinone glucosides to the aglucone 
catalyzed by /3-glacosidase is an important step in the degradation of the 
glucosides. Results in Table 8 show that this enzymatic hydrolysis is 
probably not rate controlling because of high activity compared to low 
turnover rate; differences between varieties are not large. There may be 
a specific /3-glucosidease for benzoxazinone glucosides but since a 
synthetic substrate was used for these assays it could not be differentiat­
ed if present. 
Table 8, Rate of degradation of benzoxazinones and the glucosides 
Inbred DIMBOA degraded 2-Kydroxy-benzoxazinone"° /3-glucosidase° 
^ole/24 hr/ reductase ^ ole/24 hr/ ;3.ole/24 hr/ 
g dry tissue g seedling g seedling 
WF9 56,40 0,37 2,30 x 10^ 
B49 46,56 0,17 1.87 x 10^ 
CI3iA 10.08 0,34 1.96 X 10^ 
^Calculated from the concentration of 6MB0A/g dry tissue at 6" in 
Table 7 and the half-time in Table 2, 
^From Table 4* 
°Fron Table 5» 
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Chemical Aspects of Benzoxazinones 
Hamilton and Moreland (63) reported that DIMBOA was catalyst for 
the hydrolysis of simazine to hydroxysiinazine. Husted (78) characterized 
this reaction further and showed that the free acid form, but not the 
anion, of DIMBOA is catalytically active. The rate of simazine hydrolysis 
increases more than 10-fold lAien the DIMBOA concentration is increased 
10-fold.• This, along with a small but significant decrease in the extinc­
tion coefficient of DIMBOA as the concentration increases, suggest that 
molecular abrogates may be involved in the catalysis (65). 
It has been mentioned that the DIMBOA and HMBOA are interconvertible 
in vivo (17). The enzymatic interconversion has not been demonstrated 
in vitro, perhaps because of the high activity of ^ glucosidase, (since 
benzoxazinone glucosides may be the substrates for the enzymatic inter-
conversion), A study of the degradation of DIMBOA in acid solution was 
undertaken because, acknowledge of the noi^nzymatic reactions may suggest 
possible pathways of enzymatic reaction, Coutts and Pound (69) have 
indicated that para-chlorine-substituted amines are the major products 
for the aromatic hydroxamic acids in hydrochloric acid, with an imlde 
intermediate suggested. Three products have been isolated from the degra­
dation of DIMBOA in hydrochloric acid solution; 6MBOA, 5-®s'thoxy-o-
aminophenol and a chlorine-containing material of unknown structure. The 
mechanism of their formation is suggested according to Coutts and Pound's 
observation as seen in Figure 27» An oxonium ion is formed instead of para-
substitution of the aromatic ring. The next compound is an o-quinoneimide 
wnich is a common intermediate for 6MBOA and ^-methoxy-o-aminophenol, The 
precursor of 5"-iiiethoxy-£-aminophenol was suggested to be 2-hydroxy-7-
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Figure 27. Degradation of DIMBOA. in 1 N HGl 
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methoxy-l,^"benzoxazin-3-one, HMBOA, which is formed "by reduction and 
cyclization of the o-quinoneimide and has not been isolated in this 
experiment. However, this suggestion was supported by the observation 
that HBOA is converted to o-aminophenol in ÏK HCl, o-Aminophenol, or 5-
methoxy-£-aminophenol is simply formed by acid hydrolysis of the lactam. 
ôMBOA is formed from the £-quinoneimide via a reduction-oxidation reaction 
after liberation of carbon monoxide. This mechanism is different from 
the bake-catalyzed degradation in wiich formic acid is liberated (ll). 
The raebhanism for the formation of the lactam from the cyclic hydroxamic 
acid in acid solution suggests that the enzymatic conversion of the cyclic 
hydroxamic acid to the lactam could be an acid-catalyzed type reaction 
with an o-quinoneimide serving as an intermediate. 
The HCl-catcilyzed degradation of DIBOA has not been investigated, but 
one of the major products is expected to be the para-chlorine-subsituted 
lactam according to Coutts and Pound (69). In the enzymatic reaction, 
a hydroxyl group, rather than chlorine, could function as the nucleo-
philic reagent and substitute at the para-position; subsequent methylation 
would form HMBOA as shown in Figure 28. Thus, DIMBQA might be formed from 
DIBOA via HMBOA. 
It has been mentioned in the Review of Literature that members of a 
series of cyclic hydroxamic acids have antifungal activity and one of 
them, DIMBOAp is a feeding deterrent for larvae of the European com 
borer. It has also been mentioned in this Discussion that the resistance 
of com to European corn borer is dependent on the content of DIKBOA in 
the plant. A high content of cyclic hydroxamic acid has also been reported 
to be related to resistance to several fungal diseases (l4, 33), 
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Figure 28. Hypothetic enzymatic formation of HMBOA 
from DIBOA 
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These compounds can be isolated in small q.uantities from the plants in 
which they occur but a large-scale source is not known, A route of 
chemical synthesis of DIBOA, used to prove the structure of this compound, 
was reported by Honkanen and. Virtanen in I960 (66). The overall yield of 
DIBOA was only 3-5^» -vriiile the related compounds, benzoxazolinone (83) and 
2-hydroxy-l,4-benzoxazin-3-one (84) were synthesized in high yield without 
any difficulty. Two features which affect the yield in the synthesis of 
the cyclic hydroxamic acids are the formation of the two hydroxyl groups, 
one at the nitrogen atom of the hydroxamic acid and the other one at 
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carton-Z. 
The general procedure to synthesize N-aryl hydroxamic acids is the 
reduction of an aryl nitro compound to the N-aryl hydroxylamine with zinc 
dust in ammonium chloride solution, followed by acylation. Yields are 
frequently low, but they can be improved by the presence of a bulky 
group ortho to the nitro group. This was observed by Honkanen and Virtanen 
(67) in the synthesis of some derivatives of benzoxazinone with hi^er 
yield, e.g., up to 7C^ for 4-hydroxy-2-carboxy-l,^benzoxazin-3-one. Re­
duction of various £-nitrophenylthioacetates and related compounds by 
means of sodium borohydride and palladium-charcoal has been reported by 
Coutts and Pound (69) to give derivatives of the N-hydroxy compound, 
although only the lactam foirm was obtained when an attempt was made to 
prepare a naphthoxazine cyclic hydroxamic acid by reducing methyl (l-
nitro-2-naphthoxy)-acetate using sodium borohydride and palladium-charcoal 
or zinc and ammonium chloride (85). The problem which has not been 
solved previously is the introduction of hydroxyls at both C-2 and N-4 of 
the benzoxazinone in good yield. 
The synthesis of DIBQA reported here has been designed so that the 
ortho group carries an ester function lAich reacts with the N-aryl 
hydroxylamine group. More importantly the ortho substituent has a 
fluorine atom situated so that its replacement by hydroxyl yields the 2-
hydroxy compound. The reduction of ethyl £-nitrophenoxyfluoroacetate has 
been carried out by the two reduction methods mentioned above; zinc and 
ammonium chloride, and sodium borohydride and ;^lladium-charcoal. The 
former procedure yields only one product as judged by TLC on silica gel 
GFg^. The reduction by sodium borohydride and palladium-charcoal in 
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aqueous solution yields three Tsy-products in addition to the hydroxamic 
acid, DIBOA, Therefore, the reduction by zinc dust in ammonium chloride 
solution seems the "best procedure to prepare DIBOA and related compounds. 
The yield in the last step (reduction) is low (30?^) primarily because 
of the insolubility of the starting material, ethyl o-nitrcphenoxyfluoro-
acetate, in water. The use of water-alcohol mixtures results in a mixture 
of products vdiich includes not only the desired product, DIBOA, but 2-
ethoxy- and 2-fluoro-4-hydroxy-l,4-benzoxazin-3-one. In 1,2-dimethoxye-
thane and bis-(2-methoxyethyl)-ether as solvents, the 2-fluoro compound 
appeared to be the major product. Other solvents, e.g., dioxane, N,N-
dimethylfoirmamide, and dimethylsulfoxide, have been investigated and the 
major product is the 2-fluoro compound in addition to a by-product. 
Although o/-halo ethers are very easily hydrolyzed, the fluoro com­
pounds are the least reactive. Ethyl o-nitrophenoxyfluoroacetate and 2-
fluoro-4-hydroxy-l,4-benzoxazin-3-one are stable with respect to hydrolysis 
under the conditions used in this synthesis and in fact the latter com­
pound was not hydrolyzed even by treatment with AgNO^ in acetone-water 
mixtures. This suggests that the hydrolysis of the fluorine must occur 
simultaneously with the reduction of the nitro group and formation of the 
hydroxamic acid. 
Work on the synthesis of DIBOA was initiated with the reaction of 
o-nitrophenolate ion and methyl dichloroacetate, which is a commercial 
product much cheaper than ethyl chlorofluoroacetate, The product of this 
reaction is methyl bis-(o-nitrophenoxy)-acetate. Reduction with zinc 
dust yielded 2-o-aminophenoxy-4-hydroxy-l,4(2H)-benzoxazin-3-one, which 
resisted all efforts to hydrolyze it to the desired product. Replacement 
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of both chlorines of methyl dichloroacetate occurred even when the ratio 
of £-nitrophenolate to methyl dichloroacetate was 1:50. A similar reaction 
was observed by Goutts and Hindmarsh (85). 
In the reduction of aryl nitro compounds to give the cyclic hydroxa-
mic acids, the initial product is the zinc chelate. The zinc chelate 
was reported to be converted into the hydroxamic acid by means of ^  
acetic acid (66) or % hydrochloric acid (85). It was found in this work 
that EBTA is a better reagent for removal of the zinc from the chelate 
complex with a satisfactory yield of hydroxamic acid. 
Honkanen and Virtanen (6?) reported that DIBOA and some 1,4-benzoxa-
zine derivatives have growth-inhibiting activity against Fusarium nivale, 
Staphylococus aureus, Pseudomonas fluorescens and Escherichia coli. The 
synthetic DIBOA has been tested by Dawe and Martenson (86) who report that 
it inhibits the growth of Helminthosporium maydis, the fungus •vdiich causes 
Southern corn leaf blight. 2-Eîthoxy-4-hydroxy-l,4(2H)-benzoxazin-3-one 
also shows the same biological activity. Bioassay of these synthetic 
compounds and related compounds with the European com borer will be 
carried out in the near future. 
Implications for Future Work 
iZi 
The results of the ~ CO^ incorporation studies suggest that the content 
of DIMBOA in plants beyond the seedling stage dependupon the rate of de­
gradation rather than upon the rate of synthesis. This is important, since 
the probability of success in a search for a mutant with an unusually low 
rate of degradation would be expected to be greater than for a mutant with 
a high rate of synthesis, since most mutants cause a loss of function, sucn 
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a mutant might have a high level of DIMBOA. 
The observation that the specific activity of DIMBOA and HMBOA after 
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exposure to COg, was lowest in the varieties with lowest concentration of 
these compounds was unexpected. It suggests that these varieties must have 
larger pools of the precursors to DIMBOA and HMBOA, but these pools are 
used to a large extent for synthesis of other compounds. In particular 
the pool size of anthranilic acid in several varieties should be measured. 
Evidence for the ï^irticipation of an N-acyl o-quinonei.aide in the 
acid-catalyzed degradation of DIMBOA means that such a compound could also 
be considered for a role in enzymatic reactions particularly the intercon­
version of DIMBOA and HMBOA. 
Although DIBQA hais not been shown to play am important role in the 
resistance of corn to the European com borer and to fungi because it is 
accompanied by much larger amounts of DIMBOA, it is probable that the 
presence or absence of the methoxyl group has little to do with the 
biological activity. If this is true, DIBQA, available in large quantities 
at low costg should be tested as a pesticide. 
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SUMMARY 
Some chemical and "biochemical properties of the 1,4-benzoxazinones in 
maize have studied. 
The results of feeding experiments further support the previous 
observations that anthranilic acid amd D-ribose are the precursors of 
DIHBOA, Anthranilic acid is unlikely to be converted to another aromatic 
amine, esg*, 3-hydroxyanthranilic acid or o-aminophenol» before reacting 
with a ribose phosphate. This suggests that the next intermediate is 
N-5*-phosphoribosyl anthranilate, also an intermediate in tryptophan 
biosynthesis, L-ascorbic acid, suggested to be an intermediate in the 
biosynthesis of DIMBOA by an earlier study, showed a random incorporation 
with low specific activity wien L-ascorbic acid-l-^^C was fed to the 
com seedlings. 
The earlier report of synthesis of DIMBOA in a cell-free system (75) 
was shown to be in error. An artifact, formed by nonenzymatic reaction 
of DIMBOA and anthranilic acid-l-~"c, caused the error. 
The rate of degradation of DIMBOA plays an important role in determin­
ing the concentration of DIMBOA and hence the resistance to the 1st—brood 
European corn borer. The inbred varieties (e,g, GI3IA and B49) which have 
the highest resistance to the borer have the lowest rate of degradation 
the compound. The turnover rate of DIMBOA was of about an order of magni­
tude larger than the observed enzymatic reduction of HBOA catalyzed by 
2-hydroxy-benzoxazinone reductase, and îjas small compared to the /3-gluco-
sidase activity present in leaves. 
Detoxification of simazine catalyzed by DIMBOA, but not the anion was 
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DIMBOA. concentration dependent. This reaction did not follow first-order 
kinetics. Molecular aggregates of DIMBOA may be involved in the catalysis. 
Degradation of DIMBOA catalyzed "by hydrochloric acid yielded three 
products: 6MBQA, S-methoxy-o^-arainophenol and a chlorine-containing 
material of unknown structure. An o-quinoneimide was suggested to "be the 
common intermediate for 6MB0A, and 5-methoxy-o-aminophenol. 5-Methoxy-
£-aminophenol was formed from HMBQA. This reaction may serve as a model 
of the enzymatic interconversion of HMBQA and DIMBOA, A pathway for the 
enzymatic formation of DIMBOA from DIBOA via HMBQA was also suggested on 
the "basis of this observation. 
The chemical synthesis of DIBOA in moderate yield (22^) was achieved. 
The synthetic DIBOA and some related compounds showed biological activity 
in inhibiting the growth of Helminthosporium maydis, Bioassay of DIBOA 
with the European corn borer will be carried out in the near future. 
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Table A-1. Extinction coefficient (€) of the compounds of Figures A-1 -
A-12. 
M.¥. in 95s Bthanol in IN HCl 
nm 6 nm € 
o-AminoBhenol 
Anthranilic acid 
BOA 
109 
137 
135 
232 
286 
248 
337 
275 
5519 
2568 
6712 
4452 
4615 
DIBQA 181 253 
282 
8I5O 
5022 
DIMBOA 211 263 10490 
Ethyl-o-nitrophenoxy-
fluoroacetate 243 252 4913 
GAP 167 243 
285 
21410 
9893 
HEQA 165 250 8954 
HMBQA 195 258 10440 
HMBOA-glucoside 258 260 10700 
6n2GÂ 165 232 
290 
101^3 
5550 
5-Kethoxy-o-ai2ino^ eno 139 296 3627 
270 2055 
275 2586 
